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Research Summary 
 
 
The Research Project “Urban Suitability Modelling and Analysis in Canelones, Uruguay” 
was conducted under the agreement between ANII – “Agencia Nacional de Investigación 
e Innovación” – and Deakin University, which aims at enriching the capacities of 
researchers on the subject of regional sustainable development. In this regard, given the 
current urbanization processes occurring at both, a global and a national level, this 
Research proposed an urban suitability evaluation of Canelones, Uruguay. The 
evaluation was carried out using GIS-based techniques which combine different methods 
for suitability evaluation to develop an Urban Suitability Model (USM). The purpose of 
the USM is to locate suitable areas for urban development in Canelones, taking into 
consideration factors related to the physical, socioeconomic and environmental 
characteristics of the case study area.  
The World Urbanization Prospects highlight that more than half of the population 
worldwide lives in urban areas and this rate is expected to significantly increase in the 
near future (UN, 2018). Added to this, low and middle income countries are where the 
strongest urbanization processes are expected to occur. Uruguay’s situation is no 
different. In 2014 more than 95% of Uruguay’s population lived in urban areas and this 
percentage is expected to increase to 97% by 2050 (UN, 2014). The metropolitan area 
of Montevideo, and Canelones in particular, represent the areas with the highest urban 
growth in Uruguay (PNUD, 2012).  
In relation to the reference framework above mentioned, a research gap was identified. 
This was the possibility of determining suitable areas for urban development in 
Canelones, in purpose of establishing a sustainable course of action for urban growth. 
To do so, the Research methodology included the analysis and processing of data from 
different sources, the selection of relevant factors influencing the degree of suitability of 
Canelones’ urban areas, and the integration of these through GIS-based techniques and 
their associated methods. Ultimately, the USM developed a matrix of urban suitability 
across Canelones.   
The results of the USM succeeded in achieving the main aim of this Research, mainly to 
locate the most suitable areas for urban development in the study area, alone or together 
with urban expansion. The USM allowed the visualization of the physical, socioeconomic 
and environmental factors that constrain or contribute to urban development in 
Canelones; and the evaluation of the territorial capacities of the region. Indeed, the 
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innovative modelling approach presented in this study indicated the feasibility and great 
potential of GIS-based urban modelling for suitability evaluation. 
Though this Research was based on a case study in Uruguay, the USM can be easily 
adapted to different regions and broader areas, and consider utterly different factors and 
land-uses. For example, instead of evaluating the region’s potential for urban land-uses, 
it could analyse the potential of an agricultural commodity, or an industrial or touristic 
land-use. Besides, it can also be adjusted to include future projections, regarding 
economic or demographic parameters, climate, etc.   
Overall, this Research provides a significant resource for the future development and 
implementation of guidelines to ensure the effective planning of urban areas, addressing 
issues such as the sustainable management of natural resources and the provision of 
adequate infrastructure and services, essential to the form ing of productive and resilient 
urbanizations.  
 
 
Keywords:  urban  planning,  urban  suitability,  urban  modelling,  suitability  evaluation. 
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1 
Introduction 
 
Chapter 1. Introduction describes in brief the current global urban context, Uruguay’s 
urbanization process and in particular, the urban situation in the metropolitan area of 
Montevideo. This framework triggers the analysis of the possibility to implement a 
planning method which based on specific factors, enables the determination of the 
preferable land-uses for a certain area. Additionally, chapter 1. Introduction presents 
the Research hypothesis and objectives, and the subsequent content of this thesis.  
 
 
1.1 Global urban context  
 
According to the World Urbanization Prospects (UN, 2018), currently 55% of the world’s 
population lives in urban areas. This percentage is expected to increase to 68% by 2050. 
Nowadays, the world’s most urbanized regions are North America – with 82% of its 
population living in urban areas, Latin America and the Caribbean (81%), Europe (74%) 
and Oceania (68%) (UN, 2018) (see Fig. 1.1). Consequently, at a global level, more 
people live in urban areas than in rural areas, and the main reasons behind urban 
population growth is the overall population increase and an “upward shift” in the 
percentage of people living in urban areas (UN, 2018). However, despite projections 
clearly indicate that the world’s urbanization is in progress and that therefore, the 
percentage of urban population will increase, little is known about future locations, 
magnitudes and rates of expansion (Seto, Güneralp & Hutyra, 2012).  
According to UN (2018), this particularly should be taken into account in low and middle 
income countries where the strongest urbanization process is expected to occur between 
2020 and 2050. Moreover, in emerging economies, secondary cities of over 150,000 
hab. are the ones with the highest expectative of growth, accounting for 40% of the global 
urban growth by 2025 (UN, 2015). Regarding cities and towns of more than 100,000 
hab., they are expected to grow 170% by 2030 (Angel et al, 2010) affecting both rural 
and peri-urban areas (UN, 2015). As analyzed by Seto, Güneralp & Hutyra (2012), if 
current trends in population density continue and the areas with high probability of urban 
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expansion actually undergo their estimated growth, urban land cover will triple its 
proportion by 2030.   
Conforming to UN (2015), the spatial growth of urban areas into peri-urban and rural 
areas often results in the annexation of rural villages and small towns to a larger urban 
system. This growth is most of the times accompanied by the appropriation of valuable 
agricultural land and ecological resources – such as watercourses and forests, disrupts 
rural livelihoods, blocks green and blue corridors essential to ensure connectivity 
between ecosystems, and threatens the environment through the increase of carbon 
emissions, pollution and energy use (Seto, Güneralp & Hutyra, 2012; UN, 2015; Bren 
d’Amour et al, 2017).  
Particularly, the intrinsic value of prime agricultural land lays on the fact that in developing 
countries, it is estimated that smallholder farmers provide almost 80% of the total food 
consumed (UN, 2015). Therefore, it contributes to food security and reducing poverty. 
Nevertheless, the effects of land-use change and unsustainable land management, 
among others, threaten this form of livelihood and food production (UN, 2015). According 
to Bren d’Amour et al. (2017), though there is little scientific knowledge on how urban 
expansion will affect agriculturally productive areas, it is expected to take over between 
1.8 and 2.4% of the total global cropland by 2030.  
Consequently, urban areas depend on rural areas mainly for food and water; and in 
reverse, rural areas depend on urban areas for access to services, markets, etc. (UN, 
2015). However, the fact that in some countries rural areas are becoming depopulated, 
which often leads to the degradation of productive lands, enhances the significant role 
of small and medium sized towns (UN, 2015). These, not only link urban and rural areas, 
but also strengthen their economies and provide markets and access to basic services 
(UN, 2015).  
Overall, “urbanization is a process that profoundly reshapes peri-urban and rural areas”, 
and can both positively and negatively affect their economies and sustainable 
development (UN, 2015, p.4). The current global urban growth trend accentuates the 
need for territorial planning as a key for securing urban and rural livelihoods, and their 
sustainable development (UN, 2015; Bren d’Amour et al, 2017). Though urban 
expansion is often considered a local issue, its expected global impacts will require 
significant policy changes to affect future urban growth trajectories and minimize its 
impacts on the environment (Seto, Güneralp & Hutyra, 2012).    
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Fig 1.1. Global percentages of urban population (UN, 2018). 
 
 
1.2 Uruguay’s urbanization process  
 
From a political perspective, the Uruguayan territory is divided in 19 departments. 
Montevideo – the capital city – is home to almost half of the country’s total population, 
which in accordance with the last census is 3,213,147 hab. (INE, 2011). Moreover, 
almost 70% of the total population is settled in coastal departments (from west to east: 
Colonia, San José, Montevideo, Canelones, Maldonado and Rocha) (see Fig. 1.2). The 
metropolitan area of Montevideo, integrated by the departments of Montevideo, 
Canelones and San José, contains the largest proportion of the population in the country. 
However, according to MVOTMA, OPP & PNUD (2007), internal migration from 
Montevideo to Canelones and San José, has been an ongoing process that has gained 
significance during the last decade. Likewise, urban expansion in Uruguay has rapidly 
developed mainly through rural-urban and urban-urban migration processes (IMC, 
2011a). As reported by the World Urbanization Prospects, in 2014 more than 95% of 
Uruguay’s population lived in urban areas and this percentage is expected to increase 
to 97% by 2050 (UN, 2014) (see Fig. 1.3).  
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Fig 1.2. Population of Uruguay’s coastal departments and of the metropolitan area of Montevideo 
(INE, 2011). 
 
At a regional scale, the situation is relatively similar. According to Bertoncello and Cerrutti 
(2003), socioeconomic transformations in other Latin American countries such as 
Argentina, Brazil and Chile, have also had effects on the use of the territory, expressed 
to a large extent through variations in the traditional urbanization patterns and the 
emergence of new forms of population distribution and mobility. As a consequence, 
population dynamics which used to be dominated by rural-urban migration processes, 
are now also characterized by urban-urban migration flows. However, since the 
sociodemographic characteristics between urban migrants and non-migrants are not 
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very different – as they are with rural-urban migrants – it is quite difficult to quantify this 
type of flow (Lattes, Rodriguez & Villa, 2002).  
 
 
 
 
  
 
 
 
 
 
 
 
Fig 1.3. Uruguay’s predicted percentage of population in urban and rural areas, from 1950 to 2050 
(UN, 2018).  
 
 
1.3 Urban context of the metropolitan area of Montevideo 
 
According to Bertoncello & Cerrutti (2003), as a consequence of the urban-urban 
migration flow an additional type of spatial movement was identified: the intra-urban 
migration. This type of migration flow usually takes place from people in urban areas 
moving to its adjacent periphery and other close areas (peri-urban areas), and is 
commonly accompanied by an expansion of the territory (Bertoncello & Cerrutti, 2003). 
Consequently, in most Latin American countries, the population growth rate in large cities 
tends to decline compared to middle size cities, being the latter the ones showing the 
greatest dynamism in the region (Bertoncello & Cerrutti, 2003). As already mentioned by 
UN (2018), by 2025 these secondary cities will account for almost half of the total urban 
growth. 
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Indeed, as illustrated in Table 1.1, between 1980 and 2015 Montevideo’s population 
decreased – and continuous to. This is mainly the result of an intra-metropolitan 
migration process, considering Montevideo’s population moves to the periphery, 
particularly towards the east of the department and the coastline of Canelones.  
 
Table 1.1. Montevideo’s population over Uruguay’s total urban population, from 1980 to 2015. 
Adapted from Rodriguez Vignoli (2002) and INE (2011).    
 
Country 
Montevideo’s population over Uruguay’s total urban population (%) 
 
1980 1985 1990 1995 2000 2005 2010 2015 
         
Uruguay 49 48 45 43 41 41 40 40 
 
 
From a physical, socioeconomic and environmental perspective, the aforementioned 
urban growth dynamics of the metropolitan area of Montevideo and the pressure they 
pose on the territory, magnify the challenges of developing sustainable urbanizations. 
Likewise, this area of Montevideo also struggles with the displacement of productive land 
converted to alternative land-uses, such as industrial and urban land-uses, and with the 
commitment of adapting to new plans and policies regarding the preservation of 
environmentally significant ecosystems (PNUD, 2012).  
According to UN (2015), developing and implementing guidelines for an effective and 
inclusive planning between urban and rural areas, addressing issues such as the 
sustainable management of natural resources and the provision of adequate 
infrastructure and services, is indispensable to form productive and resilient urban and 
rural areas. Moreover, conforming to Angel, Sheppard and Civco (2005), developing 
countries should be the first to develop plans addressing urban expansion, designing 
suitable areas to accommodate the projected expansion, investing in adequate 
infrastructure to support it and protecting valuable land from the incursion of urban 
development. Therefore, the possibilities of determining areas suitable for urban growth 
arise as a potential management tool that can also assist in finding the best course of 
action for sustainable urban expansion.   
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1.4 Research hypothesis and objectives 
 
Regarding the physical, socioeconomic and environmental characteristics of a region, 
certain areas present better conditions for urban growth than others. Specific factors, 
related to the aforesaid features of an area can determine its suitability for urban 
development. For this, GIS-based techniques for urban suitability evaluation stand as a 
potential approach to identify areas suitable for urban growth in a specific region.  
Therefore, the main objective of this Research is to adapt existing urban suitability 
evaluation techniques to develop a GIS-based Urban Suitability Model (USM), for the 
evaluation and location of areas suitable for urban development in the department of 
Canelones, Uruguay. The model aims to locate the most suitable areas for urban 
development, ensuring the maximum biophysical and socioeconomic benefit, and the 
minimal environmental cost. Through the integration of spatial data about relevant 
physical, socioeconomic and environmental factors, the model will develop a matrix of 
urban suitability across the area of concern.   
 
 
1.5 Research outline 
 
This Research starts by introducing in chapter 2. Literature Review different techniques 
for suitability evaluation with the aim of providing a scientific basis for urban suitability 
modelling. In light of this, firstly, the method by Ian Mc. Harg for land-use suitability 
evaluation described in his book “Design with Nature” (1969) is presented. Secondly, 
further studies on urban suitability evaluation are analysed. And to conclude, GIS-based 
modelling techniques for suitability evaluation are introduced.  
Following, chapter 3. Study Area introduces the current situation and characteristics of 
the study area – the department of Canelones in Uruguay – in terms of its socioeconomic 
and environmental characteristics, the department municipality’s objectives and a 
number of plans and policies related to urban areas. The previous description of the 
Study Area, aims to provide a reference framework for the application of the methodology 
described in the subsequent chapter.   
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Chapter 4. Methodology describes the process for developing the Urban Suitability 
Model (USM) for Canelones, which has as a main objective to determine the areas 
suitable for urban development. This chapter presents the analysis and processing of 
the data necessary to develop the USM, explains the steps for modelling a GIS-based 
urban suitability evaluation, and introduces further considerations taken into account 
particularly for Canelones’ USM. Chapter 4. Methodology makes reference to the 
Research’s Map Catalogue, which is attached at the end of this document and shows 
both, the process and results, of this Research.   
Following, chapter 5. Research Findings describes and analyses the results provided by 
the USM, also shown in the above mentioned Map Catalogue. Firstly, the physical, 
socioeconomic and environmental suitability for urban development in Canelones is 
evaluated. Secondly, and as a result of the previous evaluation, the areas suitable for 
urban development in Canelones are outlined.  
To conclude, chapter 6. Conclusions establishes an overall assessment on the 
development process of this Research, describes its contributions to knowledge, the 
limitations affronted during the research process, methodological considerations to 
account for in upcoming suitability evaluations, and further research questions that arise 
from this study.    
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2 
Literature Review 
 
Chapter 2. Literature Review sorts, classifies and links literature related to the issues 
presented in chapter 1. Introduction and the Research hypothesis and objectives. In view of 
this, chapter 2. Literature Review presents firstly, the method of Ian Mc. Harg for suitability 
evaluation described in his book “Design with Nature” (1969), secondly, further studies on 
urban suitability evaluation and finally, the introduction of GIS-based modelling techniques in 
suitability evaluation. 
 
 
2.1 Mc. Harg’s method: “Design with Nature” 
 
Ian Mc. Harg1, in the first edition of his book “Design with Nature” (1969) clearly stated the 
need for urban planners to consider an environmentally conscious approach when 
determining the most suitable land-uses for a certain area. He proposed a new method for the 
evaluation and implementation to assist in the determination of different land-uses (Corbett, 
2001), which is in essence a hand-drawn map overlay technique (Steintz, Parker & Jordan, 
1976; Xiaroui et al, 2013).    
One of the first formal applications of Mc. Harg’s method was to determine the most 
appropriate location for a new interstate highway in the United States (Corbett, 2001). As a 
first approach, he established that the location of the highway should maximize public and 
private benefits and in light of this he suggested: 1. “increasing the facility, convenience, 
pleasure and safety of traffic movement”; 2. “safeguarding and enhancing land, water, air and 
biotic resources”; 3. “contributing to public and private objectives of urban renewal, 
metropolitan and regional development, industry, commerce, residence, recreation, public 
                                                          
1 Ian Mc. Harg (1920-2001) was a Scottish landscape architect and city planner who graduated from 
Harvard University in 1949. Soon after, he began teaching at the University of Pennsylvania where he 
founded the Department of Landscape Architecture. In 1969, he published the first edition of his book 
“Design with Nature” where he introduced the idea of “ecological planning”, a basic concept which 
encouraged the development of future Geographic Information Systems (GIS) (Corbett, 2001).    
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health, conservation and beautification”; and 4. “generating new productive land-uses and 
sustaining or enhancing existing ones” (Mc. Harg, 1971, p.32).  
As mentioned before, such criteria included not only the conventional parameters used to 
define the location of the infrastructure but to locate it taking into consideration a broader 
context of social responsibility (Mc. Harg, 1971). Thus, Mc. Harg not only took into 
consideration the highway in terms of its automotive movement but also in conjunction with 
other physical, biological and social processes, which according to him, affected the economy, 
way of life, health and visual experiences within its area of influence (Mc. Harg, 1971). It is in 
relation with this holistic approach that Mc. Harg’s method determines the location and design 
of the highway.  
Therefore, in a first stage, Mc. Harg’s method identifies social and natural processes as “social 
values” (Mc. Harg, 1971). For example, rocks vary in their compressive strengths and can 
offer values and constrains for building construction, some areas are subject to flooding while 
others are not, and certain types of soils are more susceptible to erosion than others. Similarly, 
there are comparative measures for water quantity and quality, and soil drainage 
characteristics. It is also possible to rank vegetation (e.g. in terms of species), wildlife habitat, 
scenic quality, the importance of historic buildings, recreational facilities, and so on (Mc. Harg, 
1971). Indeed, understanding that physical, biological and social processes can be 
represented as “social values” (i.e. benefits and costs) infers that any proposal will affect them 
(Mc. Harg, 1971).  
Likewise, values can be ranked – the most valuable land and the least, the most valuable 
water resource and the least, the most productive land and the least, the richest wildlife habitat 
and those of no value, areas of great and little scenic beauty, historic buildings and their 
absence, and so on. Any proposal will enhance or constrain these values (Mc. Harg, 1971).  
Following Mc. Harg’s methodology, once the critical factors of “social value” are identified, a 
map transparency is created for each of the factors with the darkest gradation of tones 
representing areas of great value and the lightest tones associated with the least significant 
values (see Fig. 2.1) (Mc. Harg, 1971). All these layers are then placed over the original map; 
the darkest areas show the greatest overall “social values” and the lightest the least, following 
the format of each individual layer (Corbett, 2001). The result is a clear picture of where is 
more suitable to locate the proposal.  
After the first application of his method, a more challenging proposal arose: the determination 
of suitable land-uses for Staten Island (New York, United Stated). However, according to Mc. 
Harg (1971), the basis of the method is constant for all case studies: in every suitability 
 Urban Suitability Modelling and Analysis  
22 
 
location, the main aim is to maximize all potential social benefits at the least social and 
environmental cost.  
Like the highway’s analysis, the basic idea underpinning the determination of suitable land-
uses is that any place is the sum of physical and biological processes which are dynamic and 
constitute “social values”, that every area has an intrinsic suitability for certain land-uses, and 
that these can be multiple and coexist (Mc. Harg, 1971).  
The land-use categories analysed for Staten Island were: (C) conservation, (P, A) passive and 
active recreation, (R) residential development, and (I) commercial and industrial development. 
To determine their suitability, from each of the major data categories considered – climate, 
geology, physiography, hydrology, pedology, vegetation, wildlife and land-use – a number of 
factors were selected, evaluated and mapped (Mc. Harg, 1971). As in each category some 
factors are of greater importance than others, a ranking of importance – a gradient of five 
values – was developed so that factors could be arranged in levels of hierarchy (see Fig. 2.2). 
Moreover, as the dots indicate in the last column of Fig. 2.2, not all factors are considered for 
every land-use. Yet, this fact allows for the determination of the possibility of different land-
uses coexisting (Mc. Harg, 1971).     
Alike the highway’s analysis, once the factors have been identified, each of them is mapped 
in five tones of transparency with the darkest tone representing the highest suitability value 
and the lightest tone representing the lowest suitability value (Mc. Harg, 1971). Subsequently, 
for each land-use, the maps of the factors considered are overlapped and the resulting map 
shows a gradient of the most to least suitable areas.   
In particular, the most suitable areas for urbanization were determined combining two major 
land-uses: (R) residential development and (I) commercial and industrial development (Mc. 
Harg, 1971). For each of them, the most favourable and restrictive factors were identified, 
mapped, and superimposed (see Table 2.1) (Mc. Harg, 1971). However, as pointed out by 
Mc. Harg, the method does not indicate where urbanization should or not occur but merely 
reveals which areas meet the criteria for it, based on the selected factors.  
The idea of complementary land-uses – the search for areas that can support more than one 
land-use – is one of the most valuable innovations of the method. According to Mc. Harg 
(1971), this confronts with the principle of zoning which on the contrary, enforces the 
segregation of land-uses. Nevertheless, recognizing that certain areas are intrinsically suitable 
for several land-uses should be seen more as an opportunity than as a conflict, having the 
possibility of combining them in a socially desirable way (Mc. Harg, 1971). 
  
Fig. 2.1. Application of Mc. Harg’s method for the definition of a suitable location for an interstate highway 
in the United States (Mc. Harg, 1971). 
23
Fig. 2.2. Application of Mc. Harg’s method for the definition of suitable land-uses for Staten Island, United 
States (Mc. Harg, 1971). 
24
 Urban Suitability Modelling and Analysis  
25 
 
Table 2.1. Factors considered for urban suitability for Staten Island’s case-study (Mc. Harg, 1971).  
 
URBANIZATION SUITABILITY 
 
   
FAVOURABLE FACTORS RESTRICTIVE 
   
(R) RESIDENTIAL (I) COMMERCIAL-INDUSTRIAL  
   
Scenic land features Good bedrock foundations Slopes 
Riparian lands Good soil foundations  Forested areas 
Scenic cultural features Navigable channels Poor surface drainage 
Good bedrock foundations  Poor soil drainage 
Good soil foundations  Areas susceptible to erosion 
  Areas subject to flooding 
 
   
Certainly, the selection of “social values” varies depending on the area of study (Mc. Harg, 
1971). For instance, in the previously mentioned study areas, agricultural land was not 
considered as a “social value” but in other applications of the method introduced in the book 
“Design with Nature”, this factor was described as significant in land-use suitability 
evaluations.    
When agricultural land becomes a “social value”, the main aim is to locate urban areas aside 
from it (Mc. Harg, 1971). Therefore, when determining land suitability for incompatible land-
uses such as agriculture and urbanizations, the analysis should be more extensive. It is 
important to determine the land’s agricultural value, its characteristics for building foundations, 
soil suitability to contain infrastructure (e.g. sewerage, roads), susceptibility to erosion, relative 
values of groundwater resources, etc. (Mc. Harg, 1971). Still, as stated by Mc. Harg (1971), 
given the possibility of choice, prime agricultural land should never be employed for urban 
land-uses on the grounds that it sterilizes an irreplaceable resource irreversibly.  
Moreover, throughout his book Mc. Harg (1971) highlights the distinction between his method 
and a plan. He argues that a plan should include a demand and supply argument, consider 
the capability of the community or institution to realize its objectives and recognize the 
instruments available for public and private domain. Thus, a plan can only be developed when 
there is adequate information about the nature of the area, its locational and resources 
characteristics and indeed, the social goals of the community (Mc. Harg, 1971). 
Mc. Harg’s method, then, limits its reach to indicate areas that are suitable for a certain 
proposal or land-use – e.g.: a highway, a city or a recreational area – meaning by suitable with 
the lowest social costs and the highest savings and benefits (Mc. Harg, 1971). The method is 
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therefore an essential component of a plan but it is not a plan itself, it merely shows the 
implications that land and its processes pose for certain land-uses.  
To conclude, Mc. Harg’s method has innovative virtues that can justify its analysis. Firstly, it 
uses a rational method derived from scientific evidence – data is collected from reliable 
resources which are unlikely to contain major errors (Mc. Harg, 1971). Furthermore, the 
method is explicit; any person accepting the method and the evidence is likely to reach the 
same conclusions (Mc. Harg, 1971). Last but not least, the method allows for the community 
to utilize its own value system. Areas, places and buildings that are appreciated by the 
community can be identified and incorporated into the method’s value system (Mc. Harg, 
1971). 
 
 
2.2 Further studies on urban suitability evaluation  
 
As mentioned above, Mc. Harg (1971) highlights that “social values” – factors – determine the 
land-use suitability of an area depending on its characteristics. Indeed, recent research studies 
agree that areas suitable for urbanization are those that account for the physical, 
socioeconomic and environmental aspects of a region, assuring urban development occurs at 
the greatest socioeconomic benefit of a community and at the minimum biophysical cost (Van 
der Merwe, 1997; Weber & Puissant, 2002; Hossain, 2006; Bathrellos, Kalivas & Skilodimou, 
2009; Kumar & Shaikh, 2012; Xiaroui et al, 2013; Akin, Suran & Benbenoglu, 2015; Liu et al, 
2015; Sakieh et al, 2015; Zeng et al, 2015; Kukkonen et al, 2018).   
According to Hossain (2006), the evaluation of potential suitable areas for urban development 
should involve the analysis of the following categories:   
- Physical Suitability: it refers to the broad physical characteristics of the area of 
concern (Hossain, 2006); it evaluates whether the land has good physical conditions 
for urban development or not (Xiaorui et al, 2013). Factors that represent the physical 
suitability of an area can be linked to the land’s capacity for building foundations 
(measured, for example, in terms of land slope, soil sodicity, salinity, permeability), 
elevation, landscape, wind conditions and other climatic parameters considered critical 
for urban development (Hossain, 2006).   
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- Socioeconomic Suitability: it refers to the area of concern in terms of socioeconomic 
factors relevant for planning and managing urban development. It is also related with 
the efficiency of an urban structure to provide services within an urban area (Hossain, 
2006). Factors that represent the socioeconomic suitability of an area are linked with 
existing land-uses (for the opportunity or constrain they pose on future developments), 
current zoning (for its controlling influence), urban infrastructure – existing or planned 
roads, water, electricity, sewerage networks – (for their influence on accessibility and 
development costs), etc. (Hossain, 2006). 
 
- Environmental Suitability: it refers to the evaluation of suitable areas for urban 
development in terms of their effect on the environment, in purpose of ensuring urban 
activities will not affect its long-term sustainability. Factors that represent the 
environmental suitability of an area are linked with significant landscapes which may 
be restricted for development, water resources, vegetation species (for instance, to 
protect endangered native vegetation), relevant environmental phenomena, etc. 
(Hossain, 2006).  
 
Therefore, the number of factors considered for an urban suitability evaluation varies 
depending on the mentioned criteria, are specific to each case-study area and subject to the 
data available. Table 2.2 introduces a series of factors applied in urban suitability evaluations 
for different case-studies analysed for this Literature Review.  
 
Table 2.2. Factors considered in urban suitability evaluations.  
 
Suitability factor 
 
Reason for consideration in urban suitability 
evaluation  
Study area 
 
Physical suitability 
  
Slope* According to Rao (2005) and Kumar & Shaikh 
(2012), steep slopes increase the cost of 
construction. Moreover, building in slopes has an 
effect on slope stability, increasing erosion 
intensity and the probability of landslide hazard 
(Bathrellos, Kalivas & Skilodimou, 2009; Kumar & 
Shaikh, 2012). Therefore, slopes over 10% should 
be considered the limit for infrastructure and 
industrial development, and 18% the absolute 
development limit (Cooke & Doornkamp, 1990; 
Kumar & Shaikh, 2012).  
 
- Cape Town, South Africa (Van der 
Merwe, 1997). 
- Lanzhou, Gansu Province, China 
(Dai, Lee & Zhang, 2001). 
- Trikala Prefecture (Trikala, 
Kalampaka and Pyli), Greece 
(Bathrellos et al, 2011).  
- Mussoorie, Dehradun, 
Uttarakhand, India (Kumar & Shaikh, 
2012). 
- New Hefei, China (Xiaorui et al, 
2013). 
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- Istanbul, Turkey (Akin, Sunar & 
Berberoglu, 2015). – Karaj, Alborz 
Province, Iran (Sakieh et al, 2015). 
 
Elevation On one side, areas with high elevation are usually 
characterized by the absence of basic urban 
facilities and infrastructure such as transport, 
water supply, electricity and sewerage. On the 
other side, urban sprawl in middle altitudes is 
sometimes encouraged considering the wind 
direction can be suitable for the air circulation of 
urban areas (Mahiny & Clarke, 2012).  
 
- Cape Town, South Africa (Van der 
Merwe, 1997).  
- Lanzhou, Gansu Province, China 
(Dai, Lee & Zhang, 2001). 
- Trikala Prefecture (Trikala, 
Kalampaka and Pyli), Greece 
(Bathrellos et al, 2011). 
- New Hefei, China (Xiaorui et al, 
2013). 
- Istanbul, Turkey (Akin, Sunar & 
Berberoglu, 2015). 
- Karaj, Alborz Province, Iran (Sakieh 
et al, 2015). 
- Zanzibar City, Zanzibar (Kukkonen 
et al, 2018). 
 
Soil type* Some construction issues are inherent to the soil 
type. Therefore, considering in suitability 
evaluation soil characteristics such as bearing 
capacity, shear strength, compressibility, sodicity, 
salinity, permeability, depth, texture, fertility, etc. 
may enhance or restrict the development of urban 
areas (Van der Merwe, 1997; Jali & Choudhury, 
1992; Hossain, 2006).  
  
- Venus Bay, Gippsland South, 
Australia (Hossain, 2006).  
Aspect Buildings can be designed to be exposed to more 
or less amount of sunlight and heat as to be cooler 
in summer and warmer in winter (Bathrellos et al, 
2011).  
 
- Trikala Prefecture (Trikala, 
Kalampaka and Pyli), Greece 
(Bathrellos et al, 2011). 
- Karaj, Alborz Province, Iran (Sakieh 
et al, 2015). 
 
Lithology This geological factor may pose benefits and 
constraints for urban development. For instance, 
solid rocks may be the most appropriate formation 
for building foundations and resistant to erosion, 
but they can also increase the cost of 
infrastructure due to the cost of the required 
excavations (Bathrellos et al, 2011; Kumar & 
Shaikh, 2012). 
- Lanzhou, Gansu Province, China 
(Dai, Lee & Zhang, 2001). 
- Trikala Prefecture (Trikala, 
Kalampaka and Pyli), Greece 
(Bathrellos et al, 2011). 
- Mussoorie, Dehradun, 
Uttarakhand, India (Kumar & Shaikh, 
2012). 
 
 
Socioeconomic suitability 
 
Population* High population values can provide more labour 
support for urban development and construction 
(Xiaorui et al, 2013). Other factors related with 
population may include: urban and rural 
population, population density, population growth 
rate, population average age, immigration rates, 
etc. (Zeng et al, 2015). 
 
- New Hefei, China (Xiaorui et al, 
2013). 
- Wuhan, Hubei, Chian (Zeng et al, 
2015). 
Type of housing* 
Housing density* 
Total housing density, occupied and unoccupied 
housing density, temporary housing density. 
- Wuhan, Hubei, Chian (Zeng et al, 
2015).  
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 Density of hotels, health centres, education 
centres, etc. (Zeng et al, 2015). 
 
- Zanzibar City, Zanzibar (Kukkonen 
et al, 2018). 
Economic Activity* High GDP values can provide more financial 
support for urban development (Xiaorui et al, 
2013). Other factors related with economy may 
include: economic activity, employment and 
unemployment rate, income per capita, income 
growth rate, GDP, etc. (Zeng et al, 2015).  
 
- New Hefei, China (Xiaorui et al, 
2013). 
- Wuhan, Hubei, Chian (Zeng et al, 
2015). 
Distance* 
 
to drainage network 
to electricity network 
to road network 
to airports and ports 
to other urban areas 
to commercial areas 
to recreation areas 
to touristic areas 
to education centers 
to health centers  
 
To enhance the spatial compactness of urban 
areas and to prevent the intrusion of other 
incompatible land-uses (for instance, agriculture), 
considering distance – to commercial areas, 
existing urban areas, infrastructure, coast, etc. – as 
a suitability factor, is a potential measure to 
control urban allocation and protect areas for 
productivity, conservation or tourism (Van der 
Merwe, 1997). Moreover, distance to existing 
infrastructure and urban areas ensures 
accessibility to and from services and food 
production, and encourages development 
contiguous to already constituted infrastructure 
corridors preventing urban sprawl (Van der 
Merwe, 1997). 
 
- Cape Town, South Africa (Van der 
Merwe, 1997). 
- Venus Bay, Gippsland South, 
Australia (Hossain, 2006). 
- Trikala Prefecture (Trikala, 
Kalampaka and Pyli), Greece 
(Bathrellos et al, 2011). 
- Mussoorie, Dehradun, 
Uttarakhand, India (Kumar & Shaikh, 
2012). 
- Istanbul, Turkey (Akin, Sunar & 
Berberoglu, 2015). 
- Karaj, Alborz Province, Iran (Sakieh 
et al, 2015). 
- Wuhan, Hubei, Chian (Zeng et al, 
2015). 
- Zanzibar City, Zanzibar (Kukkonen 
et al, 2018).  
 
Land-uses Certain areas are intrinsically suitable for one or 
several land-uses and the combination of these 
can either enhance or constrain the development 
of urban areas (Mc. Harg, 1971). 
- Venus Bay, Gippsland South, 
Australia (Hossain, 2006). 
- Mussoorie, Dehradun, 
Uttarakhand, India (Kumar & Shaikh, 
2012). 
- Istanbul, Turkey (Akin, Sunar & 
Berberoglu, 2015). 
 
Land-values Within a locality, infrastructure has an impact on 
land-values and in most cases, values are higher 
nearer to infrastructure networks. However, in 
some circumstances, land with low values is more 
beneficial for urban development because it 
requires less investment costs (Kumar & Shaikh, 
2012). 
 
- Mussoorie, Dehradun, 
Uttarakhand, India (Kumar & Shaikh, 
2012). 
 
 
Environmental suitability 
 
Extreme weather 
events* 
They comprise a crucial factor for urban 
development and for safe constructions in general 
(Bathrellos et al, 2011). Extreme weather events 
may be linked with extreme temperatures, 
extreme rainfalls, floods, strong wind, etc.  
 
- Trikala Prefecture (Trikala, 
Kalampaka and Pyli), Greece 
(Bathrellos et al, 2011). 
- Karaj, Alborz Province, Iran (Sakieh 
et al, 2015). 
 
Natural resources* 
 
Rivers 
For instance, concerning rivers, they can have a 
positive effect on urban expansion as they 
constitute a centre of attraction and contribute to 
- Lanzhou, Gansu Province, China 
(Dai, Lee & Zhang, 2001). 
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Groundwater 
Native vegetation 
Conservation areas 
 
 
 
the aesthetic aspect of every city. Moreover, 
recreational parks are often created nearby 
(Bathrellos et al, 2011). In relation to groundwater, 
including the depth to groundwater table, its 
corrosive potential and possible groundwater rise, 
may pose actual or potential threats to 
engineering and construction. On the contrary, if 
construction works are poorly planned they can 
become a potential issue for groundwater 
pollution (Dai, Lee & Zhang, 2001). Regarding 
conservation areas, the analysis of this factor may 
include nature reserves, forest parks, scenic areas, 
wetland parks, natural and cultural heritage, etc. 
(Xiaorui et al, 2013; Liu et al, 2014).  
 
- Venus Bay, Gippsland South, 
Australia (Hossain, 2006). 
- New Hefei, China (Xiaorui et al, 
2013). 
 
 
* This factors will be later adapted to the urban suitability evaluation developed in this Research.  
 
Thus, all factors for urban suitability evaluation fall within two big categories which are the 
opportunities and constraints that the environment provides for urban development (Liu et 
al, 2014). Though the aforementioned factors were directly extracted from the literature 
reviewed, it is important to mention that other factors can be derived from the previous ones. 
For instance, considering land slope can be used to map landslide susceptibility. Or other 
factors such as flood events or transport networks, are not used as a direct input but the 
frequency or the distance to these parameters is the value considered for suitability 
evaluations. This type of assumptions will be further developed for Canelones’ urban suitability 
evaluation.  
 
 
2.3 GIS-based urban suitability modelling 
 
The rapidly changing patterns of urban growth have given rise to new debates concerning 
land-use planning (Dai, Lee & Zhang, 2001). As a consequence, the appropriate location of 
areas for urban development and other land-uses is essential. The need to evaluate the 
advantages and disadvantages of a particular land-use over another to yield the most 
beneficial use of land parcels and ensure the conservation of fundamental natural resources, 
encouraged the development of new methods and techniques capable of responding to 
current land-use planning issues (Dai, Lee & Zhang, 2001). Thus, Mc. Harg’s method is 
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considered as the precursor of renewed and more complex land-use planning techniques 
(Corbett, 2001).  
Mc. Harg’s technique of overlaying subsequent transparent maps has become the basis of 
suitability analysis based on multi-criteria and decision-making, which later evolved into 
Geographical Information System (GIS) based methodologies (GIS World Interview, 1995). 
Technologically, GIS provides a new integrated platform for Multi-Criteria Evaluation (MCE)2 
– in support of land-use planning – which not only significantly improves the evaluation 
efficiency and accuracy of Mc. Harg’s method, but also makes the evaluation process visible 
(Xiaroui et al, 2013). An important feature of GIS is the ability to generate new information by 
integrating existing diverse datasets sharing a compatible spatial referencing system 
(Goodchild, 1993). The possibility of combining multiple layers of information reduces the 
potential difficulties of integrating the various factors involved in land-use evaluation, thereby 
providing a relatively manageable tool (Dai, Lee & Zhang, 2001). 
The technique used by GIS for land-use suitability modelling is based on Multi-Criteria 
Evaluation (MCE) (Xiaroui et al, 2013) which comprises several methods, such as the Analytic 
Hierarchy Process (AHP)3 (Saaty, 1977; Saaty & Vargas, 1991) and the Weighted Linear 
Combination (WLC)4 (Carver, 1991). Particularly, the AHP method is used to determine the 
factor’s weights and the WLC method is used to overlay the different factors in a GIS platform 
(Xiaroui et al, 2013). The WLC method is the most frequently used in land-use suitability 
evaluation and it is closely related to Mc. Harg’s overlay technique (Xiaroui et al, 2013). 
The GIS-based methodology applied in this Research is the Urban Suitability Model (USM), 
later developed in chapter 4. Methodology, which is an adaptation of the Land Suitability 
                                                          
2 Multi-Criteria Evaluation (MCE) is a decision support tool for dealing with complex decisions where 
technological, economical, ecological and social aspects need to be evaluated (Bathrellos et al, 2011). 
According to Malczewski (1999), MCE methods include: Analytic Hierarchy Process (AHP), Weighted 
Linear Combination (WLC), Utility Function, Ideal Point Method and Outranking Method.  
3 The Analytic Hierarchy Process (AHP) is a weight evaluation method which integrated with GIS is 
usually implemented to support the assessment and selection of suitable areas for urban development 
(Bathrellos et al, 2011). AHP is a multi-criteria mathematically based technique that combines 
qualitative and quantitative factors for ranking and evaluating alternative scenarios, amongst which the 
best solution is ultimately chosen (Saaty, 1977). The major concept behind AHP is the implementation 
of a hierarchical representation of a decision-making problem and the reduction of the problem into pair-
wise comparisons (Bathrellos et al, 2011). The AHP method will be further developed in chapter 4. 
Methodology.  
4 The Weighted Linear Combination (WLC) is a method of aggregation which introduces a soft or “fuzzy” 
concept of suitability in standardizing criteria (Hossain, 2006). Instead of the hard Boolean decision of 
assigning absolute suitability or unsuitability to a location for a given factor, it is scaled to a particular 
common range where suitable and unsuitable areas are continuous measures (Hossain, 2006). This 
supports the variability of criteria and allows factors to trade-off with each other (Eastman, 1999) 
according to the weights derived through AHP (Hossain, 2006).  
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Analysis (LSA)5 and the Urban Buildability Model (UBM)6 introduced by Sposito, Faggian & 
Hossein in 2013 (Sposito, 2017). The latter aims to identify ranges of suitability – very low, 
low, moderate, high and very high – for urban development across an area (Hossain, 2006). 
This allows, on one hand, to locate the optimal areas in terms of planning and management, 
and on the other, it identifies areas with reduced suitability for urban development, understood 
as those which could cause buildability difficulties and have an impact on the environment 
(Hossain, 2006). Besides, areas with restrictive characteristics for urban development can be 
constrained from the analysis (Hossain, 2006). 
Most importantly, GIS-based methodologies for suitability evaluation provide a high degree of 
accuracy in assessing the potential suitability of land parcels for urban development or other 
land-uses (Bathrellos et al, 2011). The main advantages of this methodology over manual map 
production are: its accessibility at a relatively low cost, the use of public domain data, the small 
amount of time needed for data manipulation and ease of graphic output handling, and the 
possibilities of exploring diverse suitability scenarios (Dai, Lee & Zhang, 2001). 
 
 
                                                          
5 The Land Suitability Analysis (LSA) assumes that in order to improve natural resource management, 
managers must ensure that land-uses are compatible with the intrinsic characteristics of the 
environment (Sposito, 2017). To this end, the LSA aims to evaluate the potential of the land for a specific 
purpose by identifying the environmental conditions that present either an opportunity or a constraint 
for a proposed development action. LSA models are constructed in the form of hierarchy trees that 
identify the criteria critical for the prediction of the land’s suitability for different activities or commodities. 
The methodology integrates AHP to weight criteria. Each criterion is mapped separately and are then 
overlaid to determine land units that contain factors of interest for a particular activity or commodity 
(Hossain, 2006; Sposito, 2017).  
6 The Urban Buildability Model (UBM) is an adaptation of the Land Suitability Analysis (LSA) for urban 
areas. It aims to locate areas suitable for urban development that do not impact with the environmental 
sustainability of the landscape. The methodology integrates MCE and WLC with GIS combining 
information from several criteria to form a single continuous index of suitability. The final model 
integrates spatial data about relevant environmental features in order to create a matrix of urban 
buildability across a region (Sposito, 2017).  
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3 
Study Area 
 
Chapter 3. Study Area describes the current situation of Canelones in terms of its 
socioeconomic and environmental characteristics (demography, economy, urban sprawl, 
ecosystems and climate change), the department’s municipality objectives and a number 
of plans and policies related to urban areas. The main aim of this analysis is to provide 
a reference framework for the application of the methodology described in the following 
chapter (4. Methodology).  
 
Based on its socioeconomic, cultural and environmental characteristics, the territory of 
Canelones is diverse and heterogeneous (IMC, 2011a). According to PNUD (2012), this 
department is one of the most representatives of Uruguay’s current urban growth trend. 
Canelones copes with the impacts of the urban expansion of Montevideo’s metropolitan 
area (IMC, 2011c). It is also comprised of smaller urban areas compared with 
Montevideo, where there is potential for effective government interventions underpinned 
by sound planning. On account of these characteristics and trends, Canelones is an 
appropriate study area to develop and apply the approach proposed in this Research 
Project. 
Canelones extends throughout 4,532 km2 of which 10% is considered urban land and 
90% rural (IMC, 2011a). It is divided into municipalities in accordance with Law N°18.567 
– “Descentralización y Participación Ciudadana” – (see Map 00.01) (Poder Legislativo, 
2009). In 2009, the departmental board of Canelones divided the territory in 29 
municipalities, establishing its limits in Article N°76. In 2013, a thirtieth municipality was 
created modifying the previously defined limits (IMC, 2011c). However, given the fact that 
most of the socioeconomic data required for this Research is taken from the last census 
(INE, 2011), this study will consider the initial departmental division – 29 municipalities 
instead of 30. At the same time, the “Intendencia Municipal de Canelones” (IMC) grouped 
these territorial divisions – which before being municipalities were local boards – in an 
intermediate scale denominated micro-regions. Currently, Canelones has eight micro-
regions (IMC, 2011c).      
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3.1 Socioeconomic characteristics 
 
3.1.1 Demography 
 
Canelones’ demography has substantially changed over the last decades, between 1996 
and 2011 its population increased by 15% (INE, 2011). This growth makes Canelones 
the second most populated department of the country – after Montevideo – and the 
second with the highest population growth rate – after Maldonado (see Table 3.1) (INE, 
1996, 2011). According to the last census of “Instituto Nacional de Estadística” (INE, 
2011), Canelones has 520,173 hab. which represent a 16% of the country’s total 
population. Regarding INE’s future population projections, Canelones total population by 
2025 will be over 600,000 hab. (IMC, 2011a). This data is particularly significant in a 
national context of almost null population growth and therefore, accounts for logics 
related to migration and “metropolization” processes (IMC, 2011a).  
 
Table. 3.1. Uruguay’s population growth between 1996 and 2011 (INE, 1996, 2011).  
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Regarding its population composition, Canelones has 9% of rural population (the total 
rural population percentage in Uruguay is 5%) (INE, 2011). Between 1963 and 2004, this 
percentage decreased to a half – and continues to – while levels of urbanization 
increased. The reasons behind this fact are mainly: agricultural producers low-incomes 
(which leads to basic needs not met), issues with rural labour market for younger 
generations, the lack of secondary and tertiary education, the inability to adapt old 
products (offer) to new demands and the inexistence of productive chains (IMC, 2011a).      
On the other side, Canelones’ urban population represents 91% (the total urban 
population percentage in Uruguay is 95%). There are more than 80 urbanizations in 
Canelones of which Ciudad de la Costa is the most populated, accounting for 18% of 
Canelones total population, and the second most populated of the metropolitan area 
after Montevideo (INE, 2011). 
 
3.1.2 Economy 
 
The main economic activities in Canelones are commerce and services (17.9%), industry 
(13.9%), construction (9.7%) and agriculture (8.4%) (MTSS, 2016). Since 2012, these 
activities have been the top employers of the department (see Table 3.2).   
 
Table. 3.2. Economic activities of Canelones (MTSS, 2016).  
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Commerce and services are the main economic activities of Canelones. These activities 
complement other productive and industrial activities – for instance, transport and 
communication services – and offer touristic and recreational services (IMC, 2011a).  
In relation with the latter, although Canelones’ coastal areas concentrate most of the 
touristic and recreational activities (MVOTMA, 2016), in the last decade these have also 
expanded towards the rural areas (IMC, 2011a). The downside, according to IMC 
(2011a), is that touristic establishments in rural areas intensify the loss of productive 
agricultural lands as they increase the real estate value of adjacent parcels. Taking this 
into consideration, if land-uses are not properly regulated it may lead to a negative impact 
on the ecosystem (IMC, 2011a). Likewise, rural west Canelones, historically identified as 
an important source of ecotourism, has gained significance in the last decade for its 
touristic agricultural establishments, mainly of cheese, raspberries and vineyards (IMC, 
2011a). Particularly, these initiatives support the potential of specific tourism offers and 
comprise other touristic circuits, such as “Paseo Ruta 5 Sentidos” (Canelones, Florida 
and Durazno) (IMC, 2011a).   
Aside from its rural touristic assets, Canelones presents high potential for agriculture and 
cattle breeding due to its good quality soil, suitable for diverse commodities (IMC, 2011a). 
Particularly, rural areas in Canelones are used primarily for intensive agriculture 
(MVOTMA, 2016), where horticulture and forestry take most of the agricultural land-use 
in the department (MGAP, 2016). Concerning fruticulture, though in the last decade there 
has been a clear production decline, Canelones is still one of the top fruit providers in 
the country. This is not only due to its proximity to the main consumer market – the 
metropolitan area of Montevideo – but also because of its climate conditions (cold winters 
and abundant groundwater) (MVOTMA, 2016). Moreover, Canelones along with 
Montevideo, concentrate 80% of the country’s viticulture production (DIEA, 2016); and 
cattle breeding (for wool, lamb and beef meet) represents 46% of Canelones’ agricultural 
land-use (IMC, 2011a). The department’s agriculture production is complemented with 
dairy products, honey, smallgoods and eggs (MGAP, 2016).  
In relation to its industrial activity, Canelones concentrates significant industries in two 
main areas: (1) comprised by the municipalities of La Paz, Las Piedras and Progreso, 
and (2) Pando (IMC, 2011a). Smaller industries are scattered throughout the department. 
Canelones also houses most of the big food-manufacturing and refrigeration industries 
in Uruguay and is therefore the main food supplier of the metropolitan area of Montevideo 
(MGAP, 2016).   
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3.1.3 Urban sprawl in Canelones 
 
As described in section 3.1.1 Demography, major urban developments in Canelones 
have taken place in a context of almost null population growth. This indicates that urban 
expansion in this area has been a direct consequence of migration processes (IMC, 
2011a).  
According to IMC (2011a), two main migration processes have occurred in Canelones. 
On one hand, and the most significant, is that people tend to move from rural areas to 
the first rings of the metropolitan area of Montevideo. This population, often of low-
income, relocate to areas that have lower cost of land (with low levels of infrastructure 
and urban equipment) and are in fragile conditions, such as stream edges and wetlands 
(IMC, 2011a).  
Another reason for the rural-urban migration process in Canelones, besides the already 
mentioned in section 3.1.1 Demography, is the need for services, education and 
infrastructure not available in rural areas (IMC, 2011a). This fact encourages not only the 
formation of new urbanizations but also the “swelling” of existent urban areas (IMC, 
2011a).  
Consequently, urban areas constitute a “tentacular” structure along the department’s 
main routes leaving in between weakened interstices of rural areas, which are also likely 
to become adapted to support urbanizations with services and equipment, and for 
industrial activities (IMC, 2011a). This is the case for La Paz, Las Piedras and Progreso 
(along route no 5), Barros Blancos and Pando (along route no 8) and Ciudad del Plata 
(along route no 1, in San José) (see Fig. 3.1).  
Migration also occurs as an intra-urban process where population relocates from 
consolidated urban areas within Montevideo (central and intermediate Montevideo) to 
eastern coastal areas of the country (IMC, 2011a). Such is the case of Ciudad de la Costa 
along Avenida Giannattasio, which arised from the conurbation process of the coastline 
of Montevideo (IMC, 2011a) (see Fig. 3.1). However, most of the times in both migration 
processes – rural-urban and intra-urban – urban areas expand over rural areas (IMC, 
2011a).   
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Fig. 3.1. Urban sprawl in Canelones (IMC, 2011a). 
 
 
3.2 Environmental characteristics 
 
3.2.1 Ecosystems 
 
Canelones has significant and diverse ecosystems, mostly present in its coastal areas. 
These areas are currently coping with the pressures exerted by urban expansion, 
tourism, intensive agriculture and industrial activities (Gómez-Erache, Conde & 
Villamarzo, 2010).  
In these coastal ecosystems, for instance watercourses, in numerous occasions have 
become the final disposal of urban wastewaters from Canelones and Montevideo, 
leading to contamination and potential loss of native species (MVOTMA, OPP & PNUD, 
2007). Moreover, developments of intensive agriculture and industrial activities (together 
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with its infrastructure), have ended up altering, dividing or even extinguishing entire 
ecosystems (IMC, 2011a). These implications have led to a reduction of the probability 
of native species survival, or even to their irreversible disappearance (IMC, 2011a). 
Added to this, the degradation of Canelones’ ecosystems is also a consequence of 
overexploitation, indiscriminate hunting, illegal exploitation of native vegetation species 
– such as the “Monte Nativo” – and the introduction of exotic species, such as the 
sturgeon, koi fish, and bullfrog (IMC, 2011a).    
At a national level, ecosystems are classified according to various factors depending on 
each institution’s categorization. For instance, “Instituto Nacional de Investigación 
Agropecuaria” (INIA) classifies ecosystems in accordance to vegetation, “Ministerio de 
Ganadería, Agricultura y Pesca” (MGAP) in relation to the level of vulnerability, “Sistema 
Nacional de Áreas Protegidas” (SNAP) regarding their need for conservation, and 
“Dirección Nacional de Recursos Acuáticos” (DINARA) in terms of the significance of its 
water resources. These classifications are further developed in chapter 4. Methodology.  
However, there is a more general municipal ecosystem classification proposed by GEO 
Canelones – the department’s territorial information system – which embraces some of 
the factors mentioned above but excludes others (IMC, 2011a). Indeed, GEO’s 
classification considers as relevant only some of the proposed by INIA, MGAP, SNAP 
and DINARA, and dismisses others (see Table 3.3) (IMC, 2011a). Besides, according to 
IMC (2011a), the most relevant ecosystems are concentrated in a coastal strip 10 km 
wide starting from the edge of the Río de la Plata. Paradoxically, this area has the highest 
level of urbanization and population growth at present (IMC, 2011a).   
 
Table 3.3. GEO’s ecosystem classification for Canelones (adapted from IMC, 2011a). 
 
Site Municipality Degree of 
alteration 
Characteristics Other 
categorizations 
     
Wetlands and 
islands of the river 
Santa Lucía 
Santa Lucía, 
Aguas Corrientes, 
Cerrillos and La 
Paz. 
Variable Saline wetlands; native and 
exotic forest. River Santa 
Lucía is the main source of 
drinking water of the 
country. 
 
INIA, MGAP, 
SNAP and 
DINARA.  
Bañado del Negro Pando Medium Sandy floodplain of the 
Arroyo Pando. Presence of 
herbaceous vegetation and 
aquatic birds.  
 
INIA and 
MGAP. 
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Basin of Laguna del 
Cisne 
Salinas High Lagoon and wetlands; native 
fauna. Main source of 
drinking water of Costa de 
Oro.  
 
INIA 
Coastal gullies Atlántida High Continuous gullies over 
Atlantida’s coastline. 
 
INIA 
River’s mouth of 
Solís Chico and 
Solís Grande   
Atlántida, Parque 
del Plata and 
Floresta. 
Medium Wetlands; native vegetation 
and fauna. Breeding area of 
various fish species. 
 
INIA and 
DINARA.  
Bañado de 
Guazuvirá 
Floresta Medium Wetlands; native vegetation 
and fauna. 
 
INIA 
Streams El Bagre, 
La Tuna and De la 
Coronilla 
 
Floresta Low-
Medium 
Native fluvial forest. INIA 
Gully of San Luis Floresta Low-
Medium 
 
Psammophilus forest.  INIA 
Bañados de 
Jaureguiberry 
Floresta High Wetlands, coastal corridor 
affected by urbanization and 
afforestation.  
 
INIA 
 
As illustrated in Table 3.3, ecosystems are considered differently by institutions such as 
INIA, MGAP, SNAP and DINARA, and if combined, the classification becomes more 
extensive. Therefore, the Research proposed will combine the datasets of these 
institutions instead of using Canelones’ GEO classification.   
 
3.2.2 Climate change in Canelones 
 
The climate in Canelones is mainly temperate and humid (average temperature 16oC), 
with warm summers and almost homogenous rainfall throughout the year (IMC, 2014a). 
For its latitude, the four seasons are clearly differentiated. In relation to its future climate 
projections, the “Plan Climático de la Región Metropolitana de Uruguay” (PNUD, 2012) 
provides forecast data on climate change impacts on the region, indicating that both 
average temperatures and rainfalls are likely to increase. This data is the result of the 
assembly of the climate models that best fit Uruguay provided by the RCP 
socioeconomic scenarios and the AR5 climate models (IPCC, 2013). Based on this, 
experts in the country have developed short term (2030) and medium term (2050) 
temperature and precipitation scenarios (MVOTMA, 2016). 
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The “Plan Climático de la Región Metropolitana de Uruguay” (PNUD, 2012) has 
established that the Río de la Plata region will be significantly affected by climate change, 
with high probabilities of strong storms and wind, coastal erosion and rises in sea level. 
Particularly in Canelones, it will potentially affect the geomorphology of the coastline, the 
economic activities in the region – such as agriculture, fishery and tourism – and the 
vulnerability of the communities involved, due to the possibility of important losses in 
housing and urban infrastructure (MVOTMA, 2016).   
In addition, according to Uruguay’s Fourth National Communication under the United 
Nations Framework Convention on Climate Change, significant impact in the region have 
already been visualized (MVOTMA, 2016). It has already been confirmed that erosion 
generated by changes in waves and wind patterns have caused a retreat of the coastline. 
In turn, the mean sea level (MSL) registered since 1934, shows an incremental trend in 
its values (MVOTMA, 2016).   
At a broader scale, over the last decades, coastal floods in Latin America have increased 
due to rises in sea level and strong storms and wind. According to Verocai et al. (2015), 
the area that best represents this trend is the Río de la Plata. The impact of coastal 
floods related to storms is greater than those related to rises in MSL. Considering that in 
most cases the Uruguayan infrastructure does not comply with the 250 m setback 
established by the “Código de Aguas” (Law N° 14.859), potential impacts caused by 
flooding associated with strong storms and wind are extremely high.   
The regional climate constraints, such as the contribution of continental water from the 
Río de la Plata basin, the increase of the MSL and the changes in waves and wind 
patterns, indicate that the vulnerability of the area in the short term will increase 
(MVOTMA, 2016). Consequently, the impact on infrastructure, ecosystems and 
biodiversity will be even higher. 
It has also been possible to estimate the economic losses from the impact of climate 
change. Economic evaluations with a scenario of one meter increase of the MSL, 
indicate that the losses and deterioration of infrastructure could represent a 10.9% of the 
national GDP (referred to the year 2016) (MVOTMA, 2016). From the total economic 
impact, the urban areas will be the most affected representing almost 50%, and 
infrastructure – ports, roads and sewerage – accounts for 19%. Moreover, the coastal 
erosion impacts on private land could represent an important drop in the value of 
properties and could even cause the impossibility of land commercialization (MVOTMA, 
2016).  
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Overall, the mentioned impacts indicate the need for defining appropriate land-uses for 
each area of the department as to enhance the potential of its productive soils, ensure 
quality of life for its population and preserve the department’s ecosystems.  
 
 
3.3 Municipality objectives, plans and policies 
 
As a result of the “Directrices Departamentales de Ordenamiento Territorial y Desarrollo 
Sostenible” (IMC, 2014b) created in accordance with Decrees N° 20/11, 32/11 and 73/14 
of the departmental board of Canelones, and Law N° 18.308: “Ordenamiento Territorial 
y Desarrollo Sostenible” (Poder Legislativo, 2008), the IMC established a series of 
guidelines to encourage the sustainable development of Canelones (see Table 3.4).  
 
Table 3.4. Municipality objectives for Canelones according to the “Directrices Departamentales 
de Ordenamiento Territorial y Desarrollo Sostenible” (IMC, 2014b). 
 
 
 
 
 
 
Urban areas 
 
- Optimize the use of infrastructures already present in existent urban 
areas. Integrate all urbanizations into a main urban system as to ensure 
accessibility to existent services and equipment.  
 
- Determine suitable areas for urban expansion and exclude them from 
other incompatible land-uses.  
 
- Prevent urban degradation processes. Avoid occupation of floodable and 
conservation areas.    
 
- Promote through active policies the re-densification of existent housing 
in areas with sufficient infrastructure and discourage urban expansion 
from areas where it lacks.     
  
 
 
 
 
 
 
Rural areas 
 
- Protect productive soils as a vital resource to ensure the sustainable 
development of Canelones.  
 
- Control and address land-uses as social assets relevant for agricultural 
production and as a means to ensure the country’s food security. 
Encourage land-uses according to the land’s aptitudes and promote 
policies to minimize their degradation and ensure their conservation.  
 
- Regulate the relationship between urban and rural areas. Establish 
categories and sub-categories of land-uses to identify areas destined to 
housing and agricultural production, and promote the introduction of 
technologies compatible with the defined land-uses. 
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Conservation areas 
 
- Promote the conservation of Canelones’ natural resources, improve the 
environment’s quality, and prevent and mitigate the effects of climate 
change.  
 
- Protect the relevant ecosystems of Canelones. Identify the department’s 
relevant ecosystems, their respective spatial delimitation and areas of 
influence, as well as land ownership. Study their current situation and 
promote conservation strategies according to their intended land-use.  
 
- Protect the department’s water resources. Define a strategy to reduce its 
affectations derived from land-uses. 
 
- Preserve natural landscapes considered as resources of cultural and 
touristic value and an asset that helps define the territory’s identity.   
  
  
 
As described above, the “Directrices Departamentales de Ordenamiento Territorial y 
Desarrollo Sostenible” present guidelines to encourage the sustainable development of 
the region, assuming the need and importance of defining suitable areas for urban 
development. Consequently, these guidelines are taken into consideration in the 
selection of the suitability factors considered for Canelones’ USM, described in the 
following chapter.  
In addition to the “Directrices Departamentales de Ordenamiento Territorial y Desarrollo 
Sostenible”, there are other plans and policies that contemplate specific urban issues in 
different areas of the department. Though their analysis is not part of this study, it is 
important to mention them for consideration in future studies related with the results of 
this Research. Altogether, these resources can constitute a framework for Canelones’ 
territorial planning (MVOTMA, OPP & PNUD, 2007) and assist in the development of 
future guidelines regarding the sustainability of the department (see Fig. 3.2).    
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Fig. 3.2. Location of specific land-use plans and policies for Canelones (adapted from IMC, 
2014b). 
 
References: 1. “Plan local para el Municipio de Canelones”, “Plan Desarrollo Estratégico 
Canelones Capital”. 2. “Plan especial Distrito Industrial Ruta 5”. 3. “Plan Micorregión La Paz, Las 
Piedras y Progreso”, “Directrices de Ordenamiento Territorial para la Microrregión de La Paz, Las 
Piedras y Progreso”. 4. “Directrices de Ordenamiento Territorial de Pando”, “Plan para Pando y 
su entorno inmediato”. 5. “Plan especial Distrito Industrial Rutas 101 y 102”. 6. “Plan Cuenca del 
Arroyo Carrasco”, “Plan especial Paso Carrasco”. 7. “Plan de Ordenamiento Territorial para la 
Micorregión de la Costa” (Costaplan). 8. “Plan especial Camino de los Horneros”. 9. “Plan local 
para Atlántida y su entorno inmediato”. 10. “Plan Microrregional Costa de Oro”, “Directrices de 
Ordenamiento Territorial de la Microrregión Costa de Oro”. 11. “Plan desarrollo estratégico 
Noreste de Canelones”.   
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4 
Methodology 
 
Chapter 4. Methodology describes the process to develop the Urban Suitability Model 
(USM) for the study area described in chapter 3. Study Area. This chapter makes 
reference to the analysis and processing of the data available to develop the USM, the 
selection of factors for suitability evaluation, the preparation of criteria maps, the 
weighting of factors, modelling urban suitability and the overlap of layers restricted for 
urban development (Fig. 4.1). The following chapter analyses the results provided by the 
USM developed according to this methodology.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.1. Flow-chart of Canelones’ USM.  
 Urban Suitability Modelling and Analysis  
46 
 
4.1 Data collection in Uruguay  
 
4.1.1 Data sources 
 
The data required to develop an USM is taken from digitised databases as well as from 
printed tables and reports. Each of these data inputs show the attributes of the 
geographical area of concern, in this case Canelones. For this study, the data sources 
detailed below were consulted. 
 
From the “Ministerio de Vivienda, Ordenamiento Territorial y Medio Ambiente” 
(MVOTMA), in particular, “Dirección Nacional de Medio Ambiente” (DINAMA), data 
was collected from: 
- “Geoservicios”: geographic information about Canelones’ municipalities (location 
and area), land-use categorization (urban and rural areas), environmentally 
significant areas (conservation areas, threatened ecosystems, coastal 
ecosystems, coastal erosion, rivers, lakes, etc.). Wms. shp. png. and kml. files. 
 
- “Sistema de Información Territorial” (SIT): geographical information about 
various types of services provided per municipality; such as, education and health 
centers.   
 
From the “Instituto Nacional de Investigación Agropecuaria” (INIA), data was 
collected from: 
- SIGRAS: geographic information system developed by the GRAS Unit of INIA. 
shp. files, tables and reports of biophysical soil characteristics (soil groups, soil 
depth, productivity index, slope, drainage, geology, floodable areas, erosion, 
vegetation, landscape, lithology, texture, fertility, preferable land-use, etc.).  
 
From the “Instituto Nacional de Estadística” (INE), data was extracted from: 
- Tables and reports regarding data collected from the censuses of 1996 and 2011. 
The comparison between them enables the estimation and analysis of further 
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several factors, for example, population growth rate. Though it is preferable to 
use data from Canelones Municipality – “Intendencia Municipal de Canelones” 
(IMC) – due to its precision and more current updates, some information is only 
available at INE.  
 
From the “Intendencia Municipal de Canelones” (IMC), data was collected from: 
- Tables and reports with statistical data per micro-region and municipality. Data 
from INE analyzed at a departmental level (population density, percentages of 
urban and rural population, housing, economic activity, employment and 
unemployment rates, etc.).  
 
And from the “Oficina de Planeamiento y Presupuesto” (OPP), in particular, 
“Observatorio Territorio Uruguay” (OTU), data was collected from: 
- Tables and reports on infrastructural capacities per municipality, considering 
sewerage, electricity and drinkable water.   
 
For more details on Data Sources and Data Links see Appendix 01.00.  
 
4.1.2 Data processing 
 
See Appendix 02.00. Datasets, 02.01. Demography, 02.02. Economy, 02.03. 
Infrastructure and 02.04. Services. 
 
 
4.2 Selection of factors for suitability evaluation  
 
The objective at this stage is to define the adequate and appropriate factors through 
which Canelones’ urban suitability can be measured. As established by Eastman (1993), 
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factors are the criterions that enhance or diminish the suitability for a specific alternative 
– in this case, urban development.  
Firstly, considering the current situation of Canelones and the municipality objectives in 
terms of sustainable development – described in chapter 3. Study Area – three areas for 
suitability evaluation are selected: Physical Suitability, Socioeconomic Suitability and 
Environmental Suitability. Secondly, within each suitability area, factors and their 
boundary values are defined based on the literature reviewed, available data, 
suggestions of previous researchers on the topic and from the personal experience from 
previous studies. 
Factors are then standardized using the ArcGIS reclassify tool so that their boundary 
values correlate with the suitability values, and can be used as the criteria maps required 
for suitability evaluation. For this, the boundary values of each factor are ranked from 0 
to 5 (r), where r=5 represents the most favourable condition for urban development, r=1 
represents the less favourable, and r=0 is a restricted value (see Fig. 4.2).  
The following section presents discussions for the inclusion of the selected factors to 
determine land suitability for urban development in Canelones and the boundary values 
considered for each of them.  
 
4.2.1 Physical Suitability 
 
In view of the arguments developed in chapter 2. Literature Review, Physical Suitability 
directs urban development towards areas of low productivity, low and moderate land 
slopes and low soil fertility. It combines the following factors: Productivity Index, Land 
Slope and Soil Fertility.  
 
Productivity Index (see Map 01.01)  
The Productivity Index, established by the “Ministerio de Ganadería, Agricultura y Pesca” 
(MGAP), measures the soil productive capacity in terms of livestock production potential 
– mainly wood, lamb and beef. Its numerical value is associated to the country’s soil 
classification known as CONEAT Groups (“Comisión Nacional de Estudio 
Agroeconómico de la Tierra”). It is a method used to measure the value of agricultural 
land. The average for Uruguay is 100 and the maximum is 263 (MGAP, 2016).  
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For Canelones’ USM, Productivity Index is considered as very important since, as 
described in chapter 3. Study Area, Canelones is the main food supplier for the 
metropolitan area of Montevideo and therefore, the significance of its agriculturally 
productive land. As mentioned before, Canelones is also the closest department to 
Montevideo and with soil capacity to sustain its demand of food (MGAP, 2016).   
Consequently, areas with a Productivity Index below average – less than 90 – are given 
priority for urban development in the model (r=5). In Canelones, these areas are located 
along the coastline in the municipalities of Paso Carrasco, Ciudad de la Costa, Salinas, 
Atlántida, Parque del Plata and Floresta; and towards the eastern border of the 
department, in the municipalities of Soca, Migues and Montes. Productivity Indexes over 
120 are considered significant for production (MGAP, 2016) and therefore, are weighted 
in the model as not recommended for urban development and encouraged for 
agricultural use (r=1). These areas are mainly located in Cerrillos, Aguas Corrientes, La 
Paz and Las Piedras. Areas with Productivity Indexes over 200 have restricted urban 
use (r=0) due to their productive potential. In some areas, though, this value coincides 
with zones with environmental significance, as is the case of the wetlands of Santa Lucía 
which are also restricted for urban development as part of the Environmental Suitability 
analysis (see Map 04.01 Conservation Areas). 
Productivity Index - reclassify: <90 (r=5), 90-120 (r=3), 
120-200 (r=1), >200 (r=0, restricted). 
 
Land Slope (see Map 01.02)  
The Uruguayan territory is mainly plain with minor variations in land slope (INIA, 2018). 
For Canelones, land slope values that are very low (0°-2°) or high (>8°) are the areas 
that are considered as not suitable for urban development. This is because in Canelones 
very low land slopes correspond to watercourses and its immediate surroundings. 
However, though rated low for urban development (r=2), they are not restricted in this 
category since watercourses are constrained later as part of the Environmental Suitability 
analysis.  
High land slopes, on the other hand, are rated low (r=1) since steeper land slopes imply 
higher construction costs (Rao, 2005), as mentioned in chapter 2. Literature Review. 
According to Cooke and Doornkamp (1990), land slopes over 9% should be considered 
as limit for infrastructure and industrial developments, and 17% the absolute 
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development limit. For Canelones, 12% land slope is the maximum value, only found in 
few areas on the border between San Jacinto and Migues and northwest of Soca.  
Indeed, low and moderate land slopes are considered to be the most favourable for 
urban development in Canelones (2°-5°, r=5; 5°-8°, r=4).  
Land Slope - reclassify: 2°-5° (r=5), 5°-8° (r=4), 0°-2° (r=2), 
>8° (r=1). 
 
Soil Fertility (see Map 01.03)  
According to CONEAT (MGAP, 2016), soil fertility is classified in five categories – very 
low, low, moderate, high and very high. Though it may seem impractical to apply both 
factors – Productivity Index and Soil Fertility – to the USM, they complement each other 
and add precision to the model’s results.  
Areas with low values of Productivity Index coincide with areas of low soil fertility, which 
as already mentioned, are mainly located along the coastline. Clearly, low soil fertility 
values are rated higher for urban development than high soil fertility values.      
Soil Fertility - reclassify: Very Low (r=5), Low (r=4), 
Moderate (r=3), High (r=2), Very High (r=0, restricted). 
 
4.2.2 Socioeconomic Suitability 
 
Socioeconomic Suitability contemplates factors that enhance the development of urban 
communities whilst improving its quality of life, as mentioned in section 4.2. For this, four 
key areas are developed – Demography, Economy, Infrastructure and Services, each 
one considering specific related factors:   
Demography: Population Density, Urban Population, Rural Population, 
Population Growth Rate and Population Average Age.   
Economy: Economic Activity, Employment Rate and Unemployment Rate. 
Infrastructure: Sewerage, Electricity and Drinkable Water. 
Services: Education, Health and Tourism (Temporary Housing and Hotels). 
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Through the combination of these factors, Socioeconomic Suitability intends to direct 
urban development towards areas with high percentages of urban population, population 
growth rates, economic activity, employment, infrastructure and services; and low 
percentages of population density, rural population and unemployment.  
 
4.2.2.1 Demography 
 
Population Density (see Map 02.01)  
Population density values correspond with the country’s last census (INE, 2011). For 
Canelones’ USM, the least dense municipalities (<50 hab./km2) are considered as the 
most suitable for urban development (r=5). This is due to the fact that this USM intends 
to show the results of urban development occurring in current unpopulated areas, in view 
of releasing pressure from the borders of Montevideo. These municipalities are located 
in the centre, north and northeast of Canelones. 
Oppositely, the most densely populated municipalities are located near the borders with 
Montevideo – La Paz, Las Piedras, Toledo, Barros Blancos, Colonia Nicolich, Paso 
Carrasco – and along the coastline (>500 hab./km2). Though these areas get access to 
infrastructure and services in Montevideo and can therefore be considered suitable for 
urban development, this argument is further developed in sections 4.2.2.3 Infrastructure 
and 4.2.2.4 Services.    
 Population Density - reclassify: <50 hab./km2 (r=5), 50-
150 hab./km2 (r=4), 150-500 hab./km2 (r=3), 500-1000 
hab./km2 (r=2), >1000 hab./km2 (r=1). 
 
Urban Population (see Map 02.02) 
Urban population is understood as the sum of people that live in an area where land is 
parcelled (IMC, 2011c). In the case of Canelones, urban population varies within 
municipalities. While in some municipalities 100% of the population lives in urban areas, 
in others only 30% of the population lives in urban areas.  
High percentages of urban population (95-100%) are better rated for urban development 
(r=5) than low percentages (0-60%, r=1) as it is understood that these areas already 
have infrastructure and services capable of supporting an urban community. Alike 
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population density values, urban population percentages are higher in municipalities 
close to Montevideo and along the coastline, and lower in the centre and east of 
Canelones (IMC, 2011c).  
Applying this factor to the USM counteracts the previous one, since the most suitable 
context for urban development in Canelones for this study would be that of less dense 
areas but with high percentages of urban population.     
Urban Population - reclassify: 95-100% (r=5), 90-95% 
(r=4), 80-90% (r=3), 60-80% (r=2), 0-60% (r=1). 
 
Rural Population (see Map 02.03)  
Rural population can be defined as the sum of people living in areas where land is not 
parcelled (IMC, 2011c). Rural population percentages in Canelones are considerably 
lower than those of urban population (IMC, 2011c).  
Unlike the previous factor, low percentages of rural population (0-5%) are better rated 
(r=5) than high percentages (40-100%, r=1). This derives from the fact that rural areas 
lack infrastructure and services, so urban development could be expensive. Though rural 
population percentages and urban population percentages show opposing results, for 
this study they are both considered as they complement each other by adding precision 
to the model’s results.  
Rural Population - reclassify: 0-5% (r=5), 5-10% (r=4), 10-
20% (r=3), 20-40% (r=2), 40%-100% (r=1). 
 
Population Growth Rate (see Map 02.04)  
Population growth rate is calculated according to the Malthusian Growth Model (Malthus, 
1798): 
Population Growth Rate:  𝑟 =
1
𝑡
∗ ln⁡(
𝑥𝑓
𝑥𝑖
) 
xf refers to the population measured in the latest census (INE, 2011), xi refers to the 
population measured by the previous census (INE, 1996) and t is the time between them 
(15 years). For Canelones, not all areas have positive growth rates. During the last 
decade, some municipalities had no population growths (INE, 1996, 2011). For this USM, 
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municipalities with high population growth are considered more suitable for urban 
development as they show potential to keep growing.  
This factor relates to the previous one since high population growth rates correspond to 
municipalities with low population density, such as Cerrillos, Sauce, Suárez and San 
Antonio and therefore, with those with high percentages of rural population. On the 
contrary, municipalities with high population density and high percentages of urban 
population, have experienced in the last decade negative or very low population growth 
rates. Such is the case of La Paz, Las Piedras, Progreso and Toledo (IMC, 2011c; INE, 
1996, 2011).  
Population Growth Rate - reclassify: >5.0 (r=5), 2.5-5.0 
(r=4), 0.0-2.5 (r=2), <0.0 (r=1). 
 
Population Average Age (see Map 02.05)  
In Canelones, population average age varies between 29.9 to 41.8 years old (INE, 2011). 
For the purpose of this USM, those municipalities with low population average age are 
considered more suitable than those with higher average ages, as young population is 
associated with high percentages of urban population and economic activity (IMC, 2011c; 
INE, 2011). Accordingly, municipalities with low population average age are located on 
the border with Montevideo and along the coastline, and high average ages are mainly 
located to the northeast of Canelones, in Migues, Tala and Montes.   
Population Average Age - reclassify: <35 years (r=5), 35-
40 years (r=3), >40 years (r=1). 
 
4.2.2.2 Economy 
 
Economic Activity (see Map 02.07)  
The economic activity of an area is defined as the employment offered (or available) to 
its labour market. It is calculated by dividing the number of economically active 
population (employed or actively looking for a job) by the total population at working age 
(in this case, people of 14 years or more) (IMC, 2011b). Although percentages of 
economic activity among Canelones’ municipalities do not vary significantly, those with 
higher percentages (>63%) are better rated (r=5), as the economic activity of an area is 
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a potential attractor of urban development and enhances socioeconomic suitability within 
a community. As in previous factors, those municipalities closer to Montevideo – Colonia 
Nicolich, Paso Carrasco, Ciudad de la Costa and Canelones – have higher percentages 
of economic activity, and the value diminishes towards the northeast area of the 
department (<55%) – Floresta, Migues, Montes and Tala (IMC, 2011b).  
Economic Activity - reclassify: >63% (r=5), 60-63% (r=4), 
58-60% (r=3), 55-58% (r=2), <55% (r=1). 
 
Employment Rate (see Map 02.08) 
The employment rate of an area is defined as the demand for employment from its labour 
market (IMC, 2011b). Alike economic activity percentages, employment rates do not vary 
significantly amongst the municipalities in Canelones. Indeed, areas with high rates 
(>60%) are usually better rated for urban development (r=5). However, unlike the 
previous factor, not all municipalities close to Montevideo have high employment rates. 
On the contrary, only Paso Carrasco and Ciudad de la Costa have high values, while La 
Paz, Las Piedras, Toledo, Barros Blancos and municipalities towards Canelones’ border 
with Maldonado, Lavalleja and Florida, have low employment rates (<55%) (IMC, 2011b).  
Employment Rate - reclassify: >60% (r=5), 55-60% (r=3), 
<55% (r=1). 
 
Unemployment Rate (see Map 02.09)  
The unemployment rate of an area can be defined as the mismatch between the demand 
and supply for employment (IMC, 2011b). Though it may seem impractical to consider 
both factors, employment and unemployment, they do not necessarily show opposing 
values. On the contrary, municipalities with low employment rate occasionally coincide 
with those with low unemployment rate, due to their low levels of economic activity (IMC, 
2011b). Such is the case of San Ramón, San Jacinto, Tala, Migues, Montes and Soca. 
Therefore, both employment and unemployment rates are considered for Canelones’ 
USM as they complement each other and add precision to the model’s results.  
Unemployment Rate - reclassify: <5% (r=5), 5-8% (r=3), 
>8% (r=1). 
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4.2.2.3 Infrastructure 
 
Infrastructure considers Sewerage, Electricity and Drinkable Water as urban suitability 
factors. According to Van der Merwe (1997), the presence of infrastructure in an area is 
a potential measure to control urban allocation and protect areas for productivity, 
conservation or tourism. Therefore, encouraging development next to areas with already 
constituted infrastructure networks can prevent urban sprawl (Van der Merwe, 1997) and 
reduce development costs (Hossain, 2006). Consequently, for the following factors, high 
infrastructure percentages are better rated for urban development.   
 
Sewerage (see Map 02.11)  
Sewerage indicates the percentage of households connected to the municipal sewerage 
network (IMC, 2011b). Values vary significantly among municipalities; more than half of 
them have less than 10% of households connected to the municipal sewerage network 
and only a few municipalities – Aguas Corrientes, Canelones and Santa Lucía – have 
between 50% and 60% of households connected to the network, being the latter the 
highest value (IMC, 2011b).  
In Canelones, sewerage when compared with electricity and drinkable water 
percentages, represents the infrastructure with the lowest incidence; only 16% of the 
population is connected to the municipal sewerage network (IMC, 2011a). Most 
households have individual sewerage systems known as “pozos negros”, which in many 
cases, filter and pollute soil and groundwater (IMC, 2011a). Some households still pour 
wastewater directly into the watercourses against municipality regulations, leading to 
contamination of groundwater and other ecosystems (IMC, 2011a). Therefore, 
municipalities with high percentages of households connected to the municipal sewerage 
system (80-100%) are better rated for urban development (r=5). However, and perhaps 
unexpectedly, high sewerage percentages are not associated with high levels of 
population density, urban population or economic activity (IMC, 2011b). On the contrary, 
Toledo, Barros Blancos, Colonia Nicolich and Ciudad de la Costa, are some of the 
municipalities with very low sewerage percentages (0-20%).      
Sewerage - reclassify: 80-100% (r=5), 60-80% (r=4), 40-
60% (r=3), 20-40% (r=2), 0-20% (r=1). 
 
 Urban Suitability Modelling and Analysis  
57 
 
Electricity (see Map 02.12)  
Electricity represents the percentage of households with electricity provided by UTE 
(state-owned network). In contrast with the previous factor, 95% of households in the 
municipalities of Canelones are connected to UTE (IMC, 2011b) and thus, electricity is 
the only infrastructure with suitable values throughout the department.   
Electricity - reclassify: 80-100% (r=5), 60-80% (r=4), 40-
60% (r=3), 20-40% (r=2), 0-20% (r=1). 
 
Drinkable Water (see Map 02.13)  
The drinkable water factor represents the percentage of households that have water 
provided by OSE (state-owned network) or other municipal networks (IMC, 2011b). 
Though drinkable water percentages fluctuate between municipalities, values vary 
between 50% and 100% of households, which means that all municipalities have – at 
least at some point – connection to the drinkable water network (IMC, 2011b). Alike 
sewerage and electricity, high percentages of drinkable water (80-100%) are better rated 
for urban development (r=5).    
Drinkable Water - reclassify: 80-100% (r=5), 60-80% (r=4), 
40-60% (r=3), 20-40% (r=2), 0-20% (r=1). 
 
4.2.2.4 Services 
 
Education (see Map 02.15)  
For the realization of the USM for Canelones, the education factor represents the density 
of education centres per municipality, including (SIT, n.d):  
- State education (ANEP): primary schools, secondary schools and technical 
schools (UTU).  
- Private education: day care, kindergartens, primary schools and secondary 
schools. 
- Tertiary education: UDELAR, and private universities and institutions.  
- CAIF centres: early years childcare. 
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Municipalities with high density of education centres (>0.30 u/km2) are better rated for 
urban development (r=4) than those with low density (<0.05 u/km2, r=1). Values vary 
significantly amongst municipalities, from 0.01 u/km2 to 0.91 u/km2.  As is the case with 
population density, urban population and economic activity, high density of education 
centres is located in municipalities closer to Montevideo, such as La Paz, Las Piedras, 
Toledo, Barros Blancos, Paso Carrasco and Ciudad de la Costa. Indeed, education 
values decrease towards the northeast of Canelones.   
Education - reclassify: >0.30 u/km2 (r=4), 0.10-0.30 u/km2 
(r=3), 0.05-0.10 u/km2 (r=2), <0.05 u/km2 (r=1). 
 
Health (see Map 02.16)  
Similar to the previous factor, health represents the density of health centres per 
municipality, including (SIT, n.d): 
- State health (ASSE): care units of primary, secondary and tertiary level.  
- Private health centres.  
Municipalities with high density of health centres (>0.30 u/km2) are better rated for urban 
development (r=4) than those with low density (<0.05 u/km2, r=1). Alike the case with 
education, values vary from 0.01 u/km2 to 0.35 u/km2 and the highest density of health 
centres is located in municipalities closer to Montevideo – Las Piedras, Barros Blancos 
and Paso Carrasco. Low health values are located in the centre, north and east of 
Canelones.   
Health - reclassify: >0.30 u/km2 (r=4), 0.10-0.30 u/km2 
(r=3), 0.05-0.10 u/km2 (r=2), <0.05 u/km2 (r=1). 
 
Tourism (see Map 02.19)  
Tourism is measured in terms of the density of Temporary Housing and Hotels density 
per municipality, due to access to data available. Temporary housing is considered as 
houses or buildings with no permanent residents and only used during tourist season 
(IMC, 2011c). Likewise, hotels include buildings intended to provide accommodation and 
room service (bedding and cleaning) by payment; including hotels itself, pensions and 
lodging houses (IMC, 2011c).   
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Since Canelones’ tourist activity enriches its economic activity and labour demand, 
municipalities with high values of tourism (>50 u/km2) are better rated for urban 
development (r=5). These are located along the coastline in Paso Carrasco, Ciudad de 
la Costa, Salinas, Atlántida, Parque del Plata and Floresta. Low tourism values ae 
concentrated in the centre, north and east of Canelones.   
Though tourist areas in Canelones may involve ecosystems and vegetation in need of 
preservation, these restrictions are not considered at this point of the USM but 
constrained in the following section 4.2.3 Environmental Suitability.   
Temporary Housing (see Map 02.17):– reclassify: >50 
u/km2 (r=5), 20-50 u/km2 (r=4), 4-20 u/km2 (r=3), 1-4 u/km2 
(r=2), <1 u/km2 (r=1). 
Hotels (see Map 02.18): - reclassify: >0.50 u/km2 (r=4), 
0.10-0.50 u/km2 (r=3), 0.00-0.10 u/km2 (r=2), 0.00 u/km2 
(r=1). 
 
4.2.3 Environmental Suitability  
 
Floodable Areas (see Map 03.01)  
According to “SIGRAS” (INIA, 2018), floodable areas in Canelones can be classified into 
five categories: not flooded, occasional flooding, short flooding, long flooding and always 
flooded. Areas always flooded mainly correspond to areas within watercourses, where 
areas in the intermediate categories are located mostly along these, and depending on 
water flows and levels, they may have long, short or occasional flooding periods (INIA, 
2018). Given the temporality of these categories (due to the impossibility of accurately 
defining what is understood by long, short and occasional), only areas not flooded can 
be considered suitable for urban development and thus, rated accordingly (r=5).       
Floodable Areas - reclassify: Not flooded (r=5), Occasional 
flooding, Short flooding, Long flooding, Always flooded 
(r=0, restricted). 
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Vegetation (see Map 03.02)  
As reported by SIGRAS (INIA, 2018), different vegetation species, such as “Monte 
Parque”, “Monte Serrano”, “Monte Galería”, grassland, rainforest, halophyte, 
psammophyte and hidrophilic, can be found in Canelones. It is important to clarify 
though, that this categorization represents areas with possible presence of the different 
species; it does not necessarily mean they all cover the entire whole area (INIA, 2018).  
Taking into account the aforesaid, though some of the species present in Canelones 
require high levels of maintenance – reason why this factor in considered in Canelones’ 
USM – they are not restricted but rated with the lowest value (r=1). These species are 
mostly located along the coastline and main rivers (INIA, 2018). Therefore, in Canelones, 
“Monte Parque” and grassland are the only two species considered optimum for urban 
development and thus, rated accordingly (r=5).     
Vegetation - reclassify: “Monte Parque”, Grassland (r=5), 
“Monte Serrano”, “Monte Galería”, Rainforest, Halophyte, 
Psammophyte, Hidrophilic (r=1). 
 
Coastal Ecosystems (see Map 03.03)  
In the Project “Implementación de medidas piloto de adaptación al cambio climático en 
áreas costeras del Uruguay” (MVOTMA, OPP & PNUD, 2007) it is highlighted that 
coastal ecosystems are a significant resource for production and tourism, and a means 
to ensure the sustainability of biological and economic processes. For instance, 
Canelones’ coastal ecosystems and its associated biodiversity are key to bird migration 
and breeding (MVOTMA, OPP & PNUD, 2007). However, these are also the areas where 
the country’s highest levels of urbanization and population growth are found (IMC, 
2011a). Therefore, this reason added to the climate change issue, make coastal 
ecosystems subject to modify their structure and location, which explains the significance 
of their preservation and thus, their consideration in Canelones’ USM.     
DINAMA (MVOTMA, 2018) categorizes coastal ecosystems in: urban areas, grassland, 
sand, “Monte Indígena”, semi-fixed dunes, fixed dunes and water. For this USM, ready 
urban areas are better rated for urban development (r=5) than grassland and sand (r=4 
and r=3, respectively), while “Monte Indígena”, semi-fixed dunes, fixed dunes and water 
are restricted (r=0). 
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Coastal Ecosystems - reclassify: Urban Areas (r=5), 
Grassland (r=4), Sand (r=3), “Monte Indígena”, Semi-fixed 
Dune, Fixed Dune, Water (r=0, restricted). 
 
It is important to clarify that the selection of factors presented above is not 
comprehensive. It is indeed difficult to be able to classify and make an inventory of all 
the potential factors that influence the development of urban areas, due to the diversity, 
complexity and lack of information on the area. Therefore, the selection of factors for this 
study has been determined by those considered as the most salient and representative 
of the study area. Consequently, at a broader scale, the selection of factors should be 
formulated in collaboration with planning expertise.  
 
 
4.3 Preparation of criteria maps 
 
The reclassify values for all factors considered for Canelones are then transferred to 
ArcGIS 10.2.2 (ESRI, 2014) to create the criteria maps (see in Map Catalogue, Maps 
01.01-01.03, 02.01-02.05, 02.07-02.09, 02.11-02.13, 02.15-02.19 and 03.01-03.03) (see 
Table 4.1). The criteria maps are converted into raster format so that a score can be set 
for each pixel (ESRI, 2014).  
 
Table 4.1. Factors considered for Canelones’ USM and their boundary values. 
Factor Potential Rating 
 
 0  1 2 3 4 5 
 
Physical 
      
       
Productivity  >200 120-200  90-120  <90 
Land Slope  >8° 0°-2°  5°-8° 2°-5° 
Soil Fertility Very high  High Moderate Low Very low 
 
Socioeconomic 
      
       
Demography       
Density  >1000 500-1000 150-500 50-150 <50 
Urban %  0-60% 60-80% 80-90% 90-95% 95-100% 
Rural %  100-40% 20-40% 10-20% 5-10% 0-5% 
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Growth Rate  <0.0 0.0-2.5  2.5-5.0 >5.0 
Average Age  >40  35-40  <35 
       
Economy       
Economic Act.  <55% 55-58% 58-60% 60-63% >63% 
Employment  <55%  55-60%  >60% 
Unemployment  >8%  5-8%  <5% 
       
Infrastructure       
Sewerage  0-20% 20-40% 40-60% 60-80% 80-100% 
Electricity  0-20% 20-40% 40-60% 60-80% 80-100% 
Water  0-20% 20-40% 40-60% 60-80% 80-100% 
       
Services       
Education  <0.05 0.05-0.10 0.10-0.30 >0.30  
Health  <0.05 0.05-0.10 0.10-0.30 >0.30  
Temp. Housing   <1 1-4 4-20 20-50 >50 
Hotels  0.00 0.00-0.10 0.10-0.50 >0.50  
 
Environmental 
      
       
Floodable Areas Occasional 
Short flooding 
Long flooding 
Always 
    Not 
flooded 
Vegetation  Monte Serrano 
Monte Galería 
Rainforest 
Halophyte 
Psammophyte 
Hidrophilic 
  Monte 
Parque 
Grassland 
 
Coastal 
Ecosystems 
Monte Indígena 
Semi-fixed dune 
Fixed dune 
Water 
  Sand Grassland Urban 
areas 
 
 
4.4 Factor weighting  
 
Once the criteria maps have been created they are integrated and overlaid to create the 
final suitability maps, according to the following formula: 
 
𝑆𝑢𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦⁡𝑚𝑎𝑝 = ∑[𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎⁡𝑚𝑎𝑝 ∗𝑤𝑒𝑖𝑔ℎ𝑡] 
 
*weight is the index that reflects the contribution and importance of each factor for suitability 
evaluation (Xiaroui et al, 2013).  
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4.4.1 Analytic Hierarchy Process  
 
An important issue in suitability modelling is the assignment of weights to each factor, 
which is a necessary input to develop the model. In this regard, the Analytic Hierarchy 
Process (AHP), a theory that deals with complex technological, economical and socio-
political problems (Saaty, 1977; Saaty & Vargas, 1991) is considered as an appropriate 
method to assign weights to each factor. AHP is a multi-objective, multi-criteria decision-
making approach that employs a pair-wise comparison procedure to arrive at a scale of 
preference among a set of alternatives (Dai, Lee & Zhang, 2001). The integration of AHP 
and GIS-modelling has gained wide application when carrying out site selections, 
suitability analysis and regional planning, as it enriches the decision-making process with 
powerful visualization and mapping capabilities, while at the same time facilitating the 
creation of suitability maps (Dai, Lee & Zhang, 2001; Bathrellos et al, 2011).  
To apply this approach, it is necessary to break down the “problem” into different 
component factors, arrange them in a hierarchical order and assign them numerical 
values according to their importance (Saaty & Vargas, 1991). For the purpose of 
Canelones’ USM, factors are structured in a hierarchical order based on the suitability 
areas previously developed – Physical, Socioeconomic and Environmental – and 
presented in Fig. 4.2.  
Subsequently, through the construction of a pair-wise comparison matrix, each factor is 
rated against every other factor by assigning a relative value between 1 and 9 according 
to their prevalence (Table 4.2).  
 
Table 4.2. Comparison scale (Saaty & Vargas, 1991). 
Comparison scale   
1 Equal importance 
3 Moderate prevalence of one another 
5 Strong or essential prevalence 
7 Very strong or demonstrated prevalence 
9 Extremely high prevalence 
2, 4, 6, 8 Intermediate values 
 
Since the pair-wise comparison matrix contains multiple paths to determine the relative 
importance of the factors, it is possible to determine the degree of consistency used to 
develop the judgments. For example, to achieve a consistent matrix, if A is preferred to 
B and B to C, then A must be preferred to C. Therefore, an index of consistency known 
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as the consistency ratio (CR), is used to measure the probability that the matrix 
judgments are randomly taken (Saaty, 1977).  
𝐶𝑅 = 𝐶𝐼/𝑅𝐼 
RI is the average of the resulting consistency index (CI) depending on the order of the 
matrix given by Saaty (1977). CI can be expressed as: 
𝐶𝐼 = (𝜆max−⁡𝑛)⁡/⁡(𝑛 − 1) 
λmax is the largest or principal eigenvalue of the matrix and n is the order of the matrix. 
A CR of 0.10 or less is a reasonable level of consistency (Saaty, 1977) while a CR above 
0.10 requires revision of the judgments in the matrix, as inconsistent management of 
ratings may have occurred (Dai, Lee & Zhang, 2001). Once a satisfactory CR is obtained, 
the resulting weights are applied. The weights should add up to 1.0, as required for the 
linear weighted calculation.  
 
4.4.2 Pair-wise comparison matrix 
 
The pair-wise comparison matrixes, consistency ratios and weightings are constructed 
with an AHP Excel Template provided as part of the MSc. Sustainable Regional 
Development at Deakin University (Goepel, 2013). The template is used to provide the 
weightings of each factor and suitability area described in Fig. 4.2. The comparison scale 
used in the template for Canelones’ USM is a simplification of the one presented by 
Saaty and Vargas (1991) in section 4.4.1 Analytic Hierarchy Process, and is shown in 
Table 4.3. Table 4.4 summarizes the results of the pair-wise comparisons amongst 
factors and the weightings and consistency ratios provided by the AHP Excel Template.  
 
 
Table 4.3. Comparison scale for Canelones’ USM. 
Comparison scale   
1 Equal importance 
2 Moderate prevalence of one another 
3 Strong or essential prevalence 
4 Very strong or demonstrated prevalence 
5 Extremely high prevalence 
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Table 4.4. Weighting of factors for each suitability area. 
 
Factor 1 2 3 4 5     Weights 
           
Physical Suitability           
1  Productivity Index 1         0.45 
2  Land Slope 1/5 1        0.10 
3  Soil Fertility 1 5 1       0.45 
CR=0.00           
           
Demography           
1  Population density 1         0.20 
2  Urban population (%) 2 1        0.25 
3  Rural population (%)  2 1 1       0.25 
4  Population growth rate 2 1 1 1      0.25 
5  Population average age 1/5 1/7 1/7 1/7 1     0.05 
CR=0.00 
 
          
Economy           
1  Economic activity 1         0.60 
2  Employment rate 1/3 1        0.20 
3  Unemployment rate 1/3 1 1       0.20 
CR=0.00 
 
          
Infrastructure*           
1  Sewerage 1         0.40 
2  Electricity 1/2 1        0.20 
3  Drinkable Water 1 2 1       0.40 
CR=0.00 
 
          
Services           
1  Education 1         0.40 
2  Health 1 1        0.40 
3  Tourism 1/2 1/2 1       0.20 
CR=0.00           
           
Socioeconomic Suitability           
1  Demography 1         0.25 
2  Economy 1.5 1        0.30 
3  Infrastructure 1 1/1.5 1       0.25 
4  Services 1/1.5 1/2 1/1.5 1      0.20 
CR=0.01           
           
Environmental Suitability           
1  Floodable areas 1         0.40 
2  Vegetation 1 1        0.40 
3  Coastal ecosystems 1/2 1/2 1       0.20 
CR=0.00           
           
Urban Suitability           
1  Physical Suitability 1         0.25 
2  Socioeconomic Suitability 1.5 1        0.40 
3  Environmental Suitability 1.5 1/1.5 1       0.35 
CR=0.02           
 
 Urban Suitability Modelling and Analysis  
66 
 
* Although the three categories – Sewerage, Electricity and Drinkable Water – should have the 
same level of importance in urban suitability and thus, be given the same percentage of influence, 
the values differ due to the variations in the number of households connected to the infrastructure 
system. Considering that almost all households in Canelones already have electricity services 
(IMC, 2011b), electricity has a lower percentage of influence than the other infrastructures and 
not because it is less important.    
 
4.5 Urban Suitability Model 
 
The USM is developed using the Model Builder in ArcGIS 10.2.2 (ESRI, 2014), according 
to the diagram in Fig. 4.3. The model is defined by the weights resulting from the AHP. 
For each suitability map, a five equal interval classification between the minimum and 
the maximum cell values is employed, assigning five ranges of suitability in an increasing 
order of very low (0%-20%), low (20%-40%), moderate (40%-60%), high (60%-80%) and 
very high (80%-100%). 
Fig. 4.3. ArcGIS modelling procedure for Canelones’ USM. 
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4.6 Overlap of restricted layers 
 
The layers described in the following section are then overlapped to the resulting urban 
suitability map of Canelones and restricted from urban development. It is worth 
explaining that in addition to the following layers, there are two laws, Law N° 10.723 
(“Centros Poblados”) and Law N° 14.859 (“Código de Aguas”), which also constrain 
urban areas to develop further than 150 m and 250 m respectively from the coastline 
(Poder Legislativo, 1946, 1978).   
 
Conservation areas (see Map 04.01) 
Within Law N° 17.234 (Poder Legislativo, 2000), the “Sistema Nacional de Áreas 
Protegidas” (SNAP) defines conservation areas as those natural areas of the territory – 
continental, insular or marine – that are representative of the country’s ecosystems and 
that their unique environmental, historical, cultural or scenic value, deserves to be 
preserved as part of the nation’s patrimony, even if they have already been partially 
transformed by the human being.    
In Canelones, conservation areas determined by SNAP are the Santa Lucía wetlands, 
located west of the department in the municipalities of La Paz, Cerrillos, Aguas 
Corrientes and Santa Lucía. There are also conservation areas that have been defined 
by the “Dirección Nacional de Recursos Acuáticos” (DINARA) that account for 750 m2 
located along the coastline. DINARA’s conservation areas are: 
1. Santa Lucía: extends from Punta Tigre to Playa La Colorada including the mouth 
of the Río Santa Lucía and some of the wetlands and islands associated to it.    
2. Pando-Solís Chico: area between the mouths of Arroyo Pando and Solís Chico.  
3. Solís Grande: extends from Balneario Argentino to Balneario Solís including the 
mouth of the Arroyo Solís Grande.   
The fact that these areas are restricted from the USM does not mean they cannot 
generate opportunities for local communities and society in general to use them for 
recreation activities, tourism, education, research and productive activities compatible 
with the sustainable development of the area. Besides, these areas of conservation also 
have people living and producing goods and services. The SNAP aims to educate all 
people in order to use the areas in a way that contributes to the conservation of their 
natural and cultural values (SNAP, 2018).    
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Coastal Erosion (see Map 04.02)  
According to Law N° 17.283 – “Ley General de Protección del Medio Ambiente” – eroded 
areas of the coastline are to be preserved from deterioration, reduction and loss of sandy 
areas to ensure the configuration and structure of the coastline (Poder Legislativo, 2000). 
The eroded areas on the coastline of Canelones were determined as part of the Project 
“Implementación de medidas piloto de adaptación al cambio climático en áreas costeras 
del Uruguay” due to their vulnerability to climate change, significant biodiversity and 
tourism value (MVOTMA, OPP & PNUD, 2007). These areas are mainly located in the 
municipalities of Salinas, Atlántida, Parque del Plata and Floresta.  
 
Threatened Ecosystems (see Map 04.03)  
Ecosystems are classified by the “Marco teórico para la clasificación jerárquica de 
ambientes de Uruguay” (MGAP/PPR-CIEDUR, 2011) using the following factors: 
predominant land formation, land slope, depth, texture, drainage, hydromorphisms, 
salinity (pH) and lithology. Based on the combination of these factors and their inherent 
features, ecosystems are attributed a code which is later categorized in relation to its 
level of vulnerability. For Canelones, they are classified into three categories – critically 
threatened, in danger and vulnerable (see Table 4.5).  
 
Table 4.5. Threatened ecosystems classification (MGAP/PPR-CIEDUR, 2011). 
 
CRITICALLY THREATENED ECOSYSTEMS 
  
CODE DESCRIPTION 
  
BoOMLRNNM Forests developed on lands of wavy relief, with mid-depth soils of light texture, 
rapid drainage, not hydromorphic, neutral salinity and mean lithology.  
  
Location North of Atlántida. 
  
 
ECOSYSTEMS IN DANGER 
  
CODE DESCRIPTION 
  
BaDPPNPNN Wetlands developed on lands of low relief, with deep soils of heavy texture, null 
drainage, permanently flooded, neutral salinity and null lithology.  
BaPPLLTNN Wetlands developed on lands of plain relief, with deep soils of light texture, slow 
drainage, temporarily flooded, neutral salinity and null lithology. 
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BaPPMLISN Wetlands developed on lands of plain relief, with deep soils of mean texture, slow 
drainage, intermittently flooded, saline and null lithology. 
  
Location West of Cerrillos; north of Santa Lucía, San Ramón and Tala; east of Soca; between 
San Jacinto and Migues, and Atlántida.  
  
 
VULNERABLE ECOSYSTEMS  
  
CODE DESCRIPTION 
  
BoOSLRNHA Woodlands developed on lands of wavy relief, with shallow soils of light texture, 
rapid drainage, not hydromorphic, acid and stony.  
BoPPPLINN Woodlands developed on lands of plain relief, with deep soils of heavy texture, 
slow drainage, intermittently flooded, neutral salinity and null lithology. 
PaPMMMNNN-c Wooded grasslands developed on lands of plain relief, with mid-depth soils of 
mean texture and drainage, not hydromorphic, neutral salinity and null lithology; 
formed by calcification. 
PaPPMNINN Wooded grasslands developed on lands of plain relief, with deep soils of mean 
texture, null drainage, intermittently flooded, neutral salinity and null lithology. 
PrPMLRNNN-p Grasslands developed on lands of plain relief, with mid-depth soils of light texture, 
rapid drainage, not hydromorphic, neutral salinity and stony. 
PrPPLENNN-b Grasslands developed on lands of plain relief, with deep soils of light texture, 
excessive drainage, not hydromorphic, neutral salinity and null lithology; 
windward. 
PrPPLMNNN Grasslands developed on lands of plain relief, with deep soils of light texture, mean 
drainage, not hydromorphic, neutral salinity and null lithology. 
  
Location West of Cerrillos, Aguas Corrientes and San Jacinto; north of San Antonio and San 
Bautista; Migues and Montes.  
  
 
 
Watercourses (see Map 04.04) 
Canelones has four main rivers – Santa Lucía, Pando, Solís Chico and Solís Grande – 
which along with its tributaries, constitute most of Canelones’ water resources. Water 
resources are scattered along the municipalities; Canelones does not have wide dry 
areas. Concerning streams, they do not have a big influence in the department but the 
most significant – Canelón Grande, Collazo and De las Brujas – match with the previous 
mentioned layers, restricted for urban development (Conservation Areas and 
Threatened Ecosystems). Moreover, according to IMC (2014b), soils located along 
watercourses present better characteristics for rural productive activities than for 
industrial or urban land-uses.      
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5 
Research Findings 
 
Chapter 5. Research Findings describes and analyses the resultant suitability maps 
developed in accordance with the methodology described in the previous chapter. Firstly, 
Canelones’ physical, socioeconomic and environmental suitability for urban 
development is evaluated. Secondly, as a result of the previous evaluation and the 
overlap of layers restricted for urban development in Canelones, the final urban suitability 
assessment for the department is presented.   
 
 
5.1 Suitability maps 
 
The USM’s results illustrated through suitability maps, represent five ranges of suitability 
for urban development in an increasing order of very low (0%-20%), low (20%-40%), 
moderate (40%-60%), high (60%-80%) and very high (80%-100%). A five equal interval 
classification between the minimum and the maximum cell values is assigned.  
 
5.1.1 Physical Suitability (see Map 01.04) 
 
Canelones’ physical suitability for urban development is determined by the influence of 
the following factors: Productivity Index (45%), Land Slope (10%) and Soil Fertility (45%).   
The highest presence of very low physical suitability values for urban development can 
be found in the department’s border with Montevideo, mainly towards the northwest of 
Canelones. These areas coincide with those of high productivity indexes and high soil 
fertility. On the contrary, very high physical suitability values can be found mostly along 
the coastline, where productivity indexes and soil fertility are very low. On the one hand, 
the latter is a positive result given that Canelones’ highest levels of urbanization are 
happening along the coastline (IMC, 2011a); mainly in areas closer to Montevideo, such 
as Ciudad de la Costa (INE, 2011). On the other hand, urban and industrial land-uses 
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spread along route no 5 (including La Paz, Las Piedras and Progreso) and route no 8 
(including Barros Blancos and Pando) (IMC, 2011a); both areas close to where low 
physical suitability values for urban development can be found (see Fig. 5.1).      
However, it should be noted that in particular cases, very low suitability values along the 
coastline are a consequence of areas being already urbanized. This means, productivity 
indexes and fertility values are not low because of defective characteristics of the soil in 
these areas, but because their categorization as urban areas already determines their 
low productive capacity. In other words, these areas may have been before urbanization 
processes, areas with highly productive soils.  
In relation to low physical suitability values, given the percentage of influence of the 
factors productivity index and fertility (each contribute 45%) and due to the high potential 
for agricultural production and cattle breeding of the soil in Canelones (IMC, 2011a), most 
areas in the department present low physical suitability for urban development. However, 
high physical suitability values are mostly located in the areas of Pando, Empalme 
Olmos, north of Atlántida and Soca. Concerning moderate physical suitability values, 
they can be found mainly along watercourses though they do not have a significant 
influence in Canelones.      
Regarding the land slope factor, its influence is merely appreciative. On one hand, its 
percentage of influence in Canelones’ USM is considerably low (it only contributes 10%). 
On the other hand, Canelones is largely flat with minimal variations in land slope (INIA, 
2018). However, high land slopes can be found at some particular areas of the 
department, mainly north of Migues, San Jacinto and Soca.   
 
5.1.2 Socioeconomic Suitability 
 
5.1.2.1 Demographic Suitability (see Map 02.06) 
 
Canelones’ demographic suitability for urban development is determined by the influence 
of the following factors: Population Density (20%), Urban Population (25%), Rural 
Population (25%), Population Growth Rate (25%) and Population Average Age (10%). 
Taking into account these factors and their contribution to the model’s results, there are 
no extreme values – very low and very high – in Canelones’ demographic suitability for 
urban development.  
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Fig. 5.1. Comparison between very low and very high physical suitability values, and urban areas 
currently expanding in Canelones according to IMC (2011a).    
 
In relation to low demographic suitability values, they appear in the municipalities of 
Progreso, Santa Rosa, Empalme Olmos, Tala, Migues and Soca. This is due to the fact 
that except for Progreso and to a lesser extent Empalme Olmos, these municipalities 
present low population densities (<50 hab./km2), low percentages of urban population 
(<60%) and high percentages of rural population (>40%). Therefore, what makes 
Empalme Olmos and Progreso have low demographic suitability values is that they have 
low (<2.5%) and negative population growth rates, respectively. On the contrary, Santa 
Rosa, Tala, Migues and Soca, have moderate population growth rates (2.5%-5.0%) but 
not enough to counteract the previously mentioned factors. Regarding population 
average age, though it only contributes 10% to Canelones’ demographic suitability, none 
of the municipalities mentioned above have low population average ages – <35 years – 
being this one the best rated value for urban development.  
In reference with high demographic suitability values, they are present in the 
municipalities of Suárez, Colonia Nicolich, Ciudad de la Costa, Salinas, Parque del Plata, 
Floresta, San Antonio and Montes. Though their population density and average age 
vary – from very low to very high – these municipalities show high percentages of urban 
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population (>90%) and low percentages of rural population (<10%), except for San 
Antonio. Regarding the latter, though the percentage of urban and rural population in 
San Antonio is nearly balanced, it is the second municipality with the highest population 
growth rate (6.2%) – after Cerrillos (8.5%) – reason why it classifies as highly suitable 
for urban development in terms of its demography.  
 
5.1.2.2 Economic Suitability (see Map 02.10) 
 
Canelones’ economic suitability for urban development is determined by the influence of 
the following factors: Economic Activity (60%), Employment Rate (20%) and 
Unemployment Rate (20%). 
Very low economic suitability values appear only in Floresta, given the fact that though 
its unemployment rate is moderate (5.6%), the percentages of economic activity and 
employment rate are very low – 54.8% and 51.8% respectively. On the contrary, Paso 
Carrasco and Ciudad de la Costa are the most suitable municipalities for urban 
development – in terms of their economy – as their percentages of economic activity 
(64.9% and 65.1%) and employment rates (60.8% and 61.1%) are the highest in 
Canelones. Subsequently, Canelones, San Antonio and Colonia Nicolich, present high 
economic suitability values. Although among these municipalities, unemployment rates 
vary and employment rates are moderate, their economic activity percentage is high 
(>60%).  
Comparing very low (Floresta) and very high (Paso Carrasco and Ciudad de la Costa) 
economic suitability values with the previous demographic analysis, it can be argued that 
in Canelones economic suitability for urban development is associated with high 
population densities and to a considerably lesser extent, with low population average 
ages. This is derived from the fact that Floresta, Paso Carrasco and Ciudad de la Costa, 
share similar percentages of urban population, rural population and growth rates, but 
present extreme variations in their percentages of population density and population 
average ages.     
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5.1.2.3 Infrastructure (see Map 02.14) 
 
Canelones’ infrastructural capacity for urban development is determined by the influence 
of the following factors: Sewerage (40%), Electricity (20%) and Drinkable Water (40%). 
All municipalities show high percentages of electricity (>96%), reason why this factor 
contributes less to Canelones’ USM than the others in this section.  
In terms of its infrastructure, Santa Lucía is the most suitable municipality for urban 
development considering it is the only municipality with very high percentages of 
sewerage (64.4%), electricity (99.3%) and drinkable water (89.3%). Subsequently, 
Aguas Corrientes, Canelones, Las Piedras, La Paz, Pando and Paso Carrasco, have 
high percentages of sewerage and drinkable water (>60%), and very high percentages 
of electricity (>80%). Though in Canelones there are no municipalities with very low 
infrastructure percentages, Sauce, Santa Rosa, San Antonio, Tala, Migues and Soca, 
have very low percentages of sewerage (<20%) and the lowest percentage of drinkable 
water in the department.       
Unlike the analysis described in sections 5.1.2.1 Demographic Suitability and 5.1.2.2 
Economic Suitability, it is not possible to associate Canelones’ infrastructural capacity 
for urban development with its economic and demographic suitability. Indeed, very low 
and very high infrastructure values do not necessarily coincide with very low and very 
high economic or demographic suitability values.  
 
5.1.2.4 Services (see Map 02.20) 
 
The presence of services significant for urban development in Canelones is measured 
by the incidence of the following factors: Education (40%), Health (40%) and Tourism 
(20%), where Tourism is determined by the influence of Temporary Housing (70%) and 
Hotels (30%).  
According to the USM’s results, none of the municipalities in Canelones have very high 
presence of services and high values of services can only be found in Paso Carrasco 
and Parque del Plata. Both municipalities present high education values (>0.30u/km2) 
but vary in the presence of health services and tourism. While Paso Carrasco has high 
health values (0.34u/km2) and moderate tourism (40%-60%), Parque del Plata has 
moderate health values (0.16u/km2) and very high tourism percentages (>80%). The 
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latter is due to the fact that Parque del Plata is the municipality with the highest density 
of hotels (0.55u/km2) and along with Floresta, have the highest densities of temporary 
housing in the area (378u/km2 and 203u/km2, respectively). 
As Map 02.20 illustrates, the highest presence of services is located in municipalities 
along Canelones’ border with Montevideo and along the coastline. These areas present 
high and moderate service’s values whereas towards the north of the department, values 
descend to low and very low.  
Ultimately, Canelones’ Socioeconomic Suitability (see Map 02.21) for urban 
development is determined by the incidence of the parameters previously presented – 
Demographic Suitability (25%), Economic Suitability (30%), Infrastructure (25%) and 
Services (20%). According to Canelones’ USM, there are no extreme values – very low 
and very high – of socioeconomic suitability for urban development. 
Accordingly, Paso Carrasco and Ciudad de la Costa present the highest potential for 
urban development in terms of their socioeconomic characteristics – high suitability 
values. This derives from the fact that though their demographic suitability, infrastructure 
capacity and presence of services vary between moderate and high values, both 
municipalities are the only ones in Canelones with very high percentages of economic 
suitability. Besides, the latter is the parameter with the highest influence (30%) in the 
determination of Canelones’ socioeconomic suitability for urban development. Moreover, 
as can be expected, socioeconomic suitability values descend from high to low towards 
the northeastern areas of Canelones.    
 
5.1.3 Environmental Suitability (see Map 03.04)  
 
Canelones’ environmental suitability for urban development is determined by the 
influence of the following factors: Floodable Areas (40%), Vegetation (40%) and Coastal 
Ecosystems (20%).  
The highest presence of very low environmental suitability values for urban development 
corresponds mainly to floodable areas and to areas with vegetation in need of 
preservation. On one hand, given the fact that all floodable areas are restricted for urban 
development – in accordance with Canelones’ USM – very low environmental suitability 
values correspond mainly to watercourses and to areas alongside. On the other hand, 
very low values also correspond to areas with possible presence of psammophyte and 
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hydrophilic vegetation, rainforest and “Monte Galería”. In relation to coastal ecosystems, 
the location of psammophyte vegetation along the coastline, restricted for urban 
development, already includes areas delimited by this factor. Consequently, very low 
environmental suitability values can be found towards the northwestern border of 
Canelones with San José and towards its northern border with Florida. In relation to low 
values, they can be found along the coastline and adjacent to areas with very low 
environmental suitability.  
On the contrary, very high environmental suitability values can be found mostly in the 
municipalities along the border with Montevideo – La Paz, Las Piedras, Toledo, Suárez, 
Barros Blancos and Colonia Nicolich – and in Soca. Particularly, high environmental 
suitability values along the coastline correspond to areas already urbanized – in 
accordance with factor Coastal Ecosystems. However, similar to the analysis described 
in section 5.1.1 Physical Suitability, it is not part of this study to evaluate whether these 
areas were environmentally significant or not before urbanization processes happened. 
It is important to highlight, though, that Canelones’ environmental suitability analysis 
does not comprise conservation areas or threatened ecosystems; these layers are 
overlapped later with the USM’s final results and completely restricted for urban 
development. 
 
5.1.4 Urban Suitability (see Maps 05.01-03) 
 
Canelones’ suitability for urban development is determined by the previously analyzed 
parameters: Physical Suitability (25%), Socioeconomic Suitability (40%) and 
Environmental Suitability (35%). Individually, each analysis presents its own results. 
When analyzing the Physical Suitability parameter, Ciudad de la Costa and Parque del 
Plata are the most suitable municipalities for urban development. However, taking into 
consideration the Socioeconomic Suitability, Paso Carrasco and Ciudad de la Costa 
present the highest suitability values in Canelones. Lastly, concerning the Environmental 
Suitability, municipalities located on the border with Montevideo and Soca, show very 
high suitability values. As a result, Canelones’ proportion of land suitable for urban 
development – high and very high suitability – is considerably higher than unsuitable 
percentages – low and very low suitability, specifically, 35.5% and 18.9% respectively 
(see Table 5.1).  
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Table 5.1. Area and proportion of each urban suitability category.  
Suitability Category Area (km2) Proportion (%) 
   
Very low 200.4 4.4% 
Low 656.1 14.5% 
Moderate 2,067.5 45.6% 
High 1,543.7 34.1% 
Very high 64.3 1.4% 
Total Canelones 4,532.0 100% 
 
Regarding the spatial distribution of the five suitability categories (see Table 5.2), those 
areas with very low suitability for urban development are located mostly to the north of 
Canelones, in Tala, Migues, Cerrillos and Soca. To a lesser degree, San Ramón, Aguas 
Corrientes and San Bautista also present very low suitability values. Concerning Cerrillos 
and Aguas Corrientes, their very low suitability for urban development is a consequence 
of their low physical suitability whereas for the other municipalities, it is a result of their 
low socioeconomic potential.   
Concerning very high suitability values, they are mainly located in the area of Paso 
Carrasco, Ciudad de la Costa, and Parque del Plata, and to a lesser extent in Colonia 
Nicolich, Santa Lucía, Salinas and Pando. This is a result of their high physical, 
socioeconomic and environmental suitability for urban development. With regards to high 
suitability values, they are scattered all over Canelones with a stronger presence towards 
the south, in Colonia Nicolich, Floresta, Salinas, Suárez, Pando and Atlántida; and along 
route n°5 mainly in La Paz, Canelones and Santa Lucía. Overall, Paso Carrasco, Ciudad 
de la Costa and Colonia Nicolich – which constitute Canelones’ micro-region n°5 – 
display the best characteristics for urban development. This result can be considered as 
positive, since according to IMC (2011a), these municipalities are located where 
Canelones’ urban areas tend to expand (see Fig. 3.3 in 3. Study Area).  
However, the conclusions presented above are a consequence of the combination of the 
physical, socioeconomic and environmental factors considered for Canelones’ USM. For 
the analysis to be more extensive, these results are superimposed to the data layers 
indicating the areas restricted for urban development described in chapter 4. 
Methodology (Conservation Areas, Coastal Erosion, Threatened Ecosystems and 
Watercourses) (see Map 05.02). From this analysis, areas with high suitability for urban 
development correspond in particular cases, to conservation areas – in accordance with 
SNAP and DINARA’s classification, areas with a tendency to coastal erosion or where 
threatened ecosystems can be found (see Fig. 5.2). This issue is particularly important 
since the overlap of restricted layers with the USM’s results show possible discrepancies  
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Table 5.2. Suitability for urban development per municipality.   
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when linked to current land-use plans, strategies or policies. It also accounts for the 
quantity – and quality – of the data layers needed for suitability modelling, in order to 
reach a precise and detailed result.   
 
 
Fig. 5.2. Areas of high suitability for urban development overlapped with layers restricted for urban 
development in Canelones. 
 
It is important to highlight that very low urban suitability values appear adjacent to high 
suitability values, as presented in Map 05.02 and Fig. 5.2. This consideration is of 
significant importance when determining appropriate land-uses, since according to Mc. 
Harg (1971), buffer zones between incompatible land-uses should be encouraged when 
these are too close. This allows on one hand, to prevent urbanizations from taking over 
areas destined to other land-uses and on the other, to avoid ecosystems’ alteration and 
degradation.  
Moreover, in Canelones there are urbanizations located in areas restricted for urban 
development, with very low suitability and, encouragingly, also in areas of very high 
suitability (see Map 05.03 and Table 5.3). By all means, these findings derive from the 
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superimposition of the USM’s factors and weights, and the restricted layers applied in 
particular for Canelones. Thus, the classification of an urbanization’s location as suitable 
or unsuitable depends on the incidence of each factor and certainly, on the physical, 
socioeconomic and environmental characteristics of the area. Consequently, any minor 
adjustment of the factors considered for suitability evaluation and their weights may lead 
to extremely different results. 
 
 
Table 5.3. Suitability for urban development per urbanization. References: R= restricted, CA= 
conservation areas, CE= coastal erosion, TE= threatened ecosystems.   
  
 
 
 
Municipality 
 
Urbanization 
 
Suitability  
 
 
R 
M1 Aguas Corrientes Aguas Corrientes Low CA 
 Canelones Canelones, Joanicó.  High  
 Los Cerrillos Rincón de Portezuelo High CA 
 Paso de las Toscas Moderate CA 
 Santa Lucía Los Cerrillos Moderate  
  Santa Lucía Very High  
 Los Ceibos Moderate  
M2 San Antonio San Antonio High  
 San Bautista Castellanos Moderate  
 San Bautista Low  
 San Ramón San Ramón Low TE 
 Santa Rosa Santa Rosa Moderate  
M3 Migues Migues High TE 
 Montes Montes Moderate  
 San Jacinto San Jacinto, Tapia. Moderate  
 Tala Bolívar Moderate  
 Tala Low  
M4 Atlántida Fortín de Santa Rosa, Villa Argentina, Atlántida, 
Las Toscas.  
High CE 
 Estación Atlántida High  
 La Floresta La Floresta, Costa Azul, Los Titanes, La Tuna, 
Araminda, Santa Lucía del Este, Cuchilla Alta, 
Santa Ana, Sierra del Mar, Balneario Argentino, 
Jaureguiberry.   
High CE 
  Las Vegas, Guazuvirá, Guazuvirá Nuevo, Bello 
Horizonte, San Luis.    
High  
 Parque del Plata Parque del Plata High CE 
 Salinas Pine Park, Marindia. High CE 
 Pinamar, Salinas.  High  
 Neptunia Low  
 Soca Soca, Capilla de Cella. High  
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M5 Ciudad de la Costa Médanos de Solymar, El Pinar. Very high CE 
  Parque de Carrasco, Shangrilá, San José de 
Carrasco, Lago Jardín del Bosque, Lagomar, 
Solymar, Parque de Solymar, Montes de 
Solymar, Lomas de Solymar, Bosque de 
Solymar,   Pinares de Solymar.     
Very high  
 Nicolich Colonia Nicolich , Villa Aeroparque. High  
 Paso Carrasco Barra de Carrasco Very high CE 
  Parque Miramar, Paso de Carrasco, Barrio 
Monterrey, Barrio Obrero.  
Very high  
M6 Barros Blancos Capitán Juan Antonio Artigas Moderate  
 Empalme Olmos Empalme Olmos, Cruz de los Caminos, Barra de 
la Pedrera.  
Moderate  
 Pando Pando, Olmos, Villa Serena, Totoral del Sauce.   High  
  Villa Jardín Moderate  
M7 La Paz Barrio Cópola, Santos Lugares. High  
  La Paz Moderate  
 Las Piedras Las Piedras, Paso del Colorado. Moderate  
 Progreso Progreso, Villa Felicidad, Villa Instituto 
Adventista. 
Moderate  
M8 Sauce Sauce, Blanco. Moderate  
 Joaquín Suárez Joaquín Suárez High  
 Toledo Toledo, Empalme Sauce. High  
 
 
5.2 General discussion 
 
Conforming to the potentials and constraints of Canelones’ USM, the most suitable areas 
for urban development correspond to micro-region n°5 (M5), integrated by Paso 
Carrasco, Ciudad de la Costa and Colonia Nicolich. From its 107.8 km2 total extension, 
59.0% of the area presents very high suitability for urban development, 38.5% high, 2.5% 
moderate and 0.0% low and very low values. On the contrary, micro-region n°3 (Migues, 
Montes, San Jacinto and Tala) presents the worst conditions for urban development, 
based on Canelones’ USM’s results. From its total extension of 1,215.8 km2, 0.0% has 
very high suitability values, 15.7% high, 46.5% moderate, 28.0% low and 9.8% very low 
(see Table 5.4).    
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Table 5.4. Suitability for urban development per micro-region. 
 
 
The reasons for M5’s very high suitability for urban development and M3’s low suitability 
are based on the influence of each suitability category – physical, socioeconomic and 
environmental – and the characteristics of each micro-region. In relation to their physical 
suitability, though both micro-regions present very low values, M5 also presents a great 
percentage of very high physical suitability values. With regards to the socioeconomic 
suitability, M3 presents low values while two of the municipalities that constitute M5 
(Paso Carrasco and Ciudad de la Costa) are the only ones in Canelones with high 
socioeconomic suitability for urban development, being the latter the parameter with the 
highest incidence in Canelones’ USM’s results. Regarding their environmental suitability, 
both micro-regions present a considerable percentage of unsuitable values though M3 
has a stronger presence of threatened ecosystems, completely restricted for urban 
development.  
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6 
Conclusion 
 
Regarding the USM’s results already described in chapter 5. Research Findings, this 
chapter establishes an overall assessment on the whole development process of this 
Research. Based on this, chapter 6. Conclusion describes the Research contributions 
to knowledge, the limitations affronted during the research process, methodological 
considerations to account for in upcoming suitability evaluations and further research 
questions that arise from this study.    
 
 
6.1 Contributions to knowledge  
 
As described in the previous chapter 5. Research Findings, the results presented 
succeeded in achieving the main aim of this Research, which was to locate the best 
areas for urban development in Canelones, alone or together with urban expansion. 
Moreover, the novel modelling approach of this Research demonstrates the feasibility 
and great potential of GIS-based urban modelling and suitability evaluation.  
In this regard, one of the main contributions of Canelones’ USM – and urban suitability 
evaluation in general – is the possibility to provide assistance and theoretical support to 
policy-makers, in the accomplishment of the sustainable development of an area. 
Although the scope of this Research was in particular, to trace the most suitable areas 
for urban development in Canelones, the USM embraces considerably more aspects. 
Particularly, suitability evaluation can assist planners in the decision-making process of 
future strategic land-use planning alternatives for specific land parcels. Therefore, taking 
into account the USM’s results along with other relevant information, can support the 
formulation of an adaptation strategy to prevent urban areas from expanding towards, 
for instance, agriculturally productive lands essential to the region’s economy, areas 
vulnerable to extreme weather events or other climatic impacts, or areas under presence 
of environmentally significant ecosystems.  
Moreover, the USM allows to visualize which factors – physical, socioeconomic and 
environmental – either constrain or contribute to the urban expansion of an area. Based 
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on this, policy-makers can encourage urban growth towards areas of high suitability and 
prevent it in areas of low suitability. Furthermore, in addition to being a theoretical model, 
which requires many previous steps before its application (data collection, processing, 
definition of factors and weights, etc.), it is an analytical method useful to evaluate the 
territorial capacities of a region. This is due to the fact that, the USM can be easily 
adapted to a different or a broader region – even considering utterly different factors – 
and to other land-uses – instead of urban, it could analyse the potential of an agricultural 
commodity, an industrial or touristic use, etc. Besides, it can be adjusted to include future 
projections, for example, regarding economic or demographic parameters, climate, etc.   
 
 
6.2 Research limitations  
 
Though the benefits and contributions of suitability modelling justify its application, there 
are some limitations to this approach. Specifically, the methodological process of the 
USM developed throughout this Research allows for improvement on several aspects; 
especially on the accuracy of the input data and thus, the reliability of the resultant 
suitability maps. As stated in chapter 2. Literature Review, the availability of data and its 
precision are crucial for the development and consistency of the USM.  
In particular, another issue in Canelones’ USM is the scale of the data available. 
Although one of the main steps in developing a suitability evaluation is to ensure a 
standardised measurement system across all factors (Van der Merwe, 1997), this was 
not possible to ensure for Canelones’ USM. Indeed, Canelones is divided in micro-
regions that are also divided into municipalities and neighbourhoods, making the scale 
of the databases not unique. This means that while some of the data is related to a micro-
region, other data is related to a municipality or a neighbourhood. Consequently, as most 
of the information available in Canelones is per municipality – therefore, the scale 
considered for this USM – the micro-regional data had to be generalized whereas the 
neighbourhood one had to be disregarded.  
Also regarding the scales used for Canelones’ USM, the physical, environmental and 
socioeconomic factors considered share different spatial scales. While the former two 
are based on surface units, the latter is based on administrative units (municipalities). 
According to Xiaorui et al (2013), how to make different scales match is still a research 
in progress for spatial planning and modelling.      
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Moreover, there were found some discrepancies between the data per micro-region and 
the one per municipality and neighbourhood, and similarly, with data between 
institutions. For instance, in relation to economic and demographic factors, the municipal 
data (from IMC) differed from the national data (from INE). For this reason, as stated in 
chapter 4. Methodology, except for the data only available at INE, IMC was the main 
data source taken into consideration due to its precision and more current updates.   
 
 
6.3 Methodological considerations 
 
In general, regarding suitability evaluation, it is necessary to highlight that the reliability 
of modelling depends on a multitude of factors ranging from the quality of the database(s) 
to the introduction of potential errors associated with data entry, manipulation and 
interpretation (Dai, Lee & Zhang, 2001).  
Additionally, a constant issue in suitability evaluation is that the weighting method 
employed can be arbitrarily applied and depends entirely on the perceptions and 
priorities of the evaluators. Regarding Canelones’ USM, most of the methodological 
decisions – especially the assignment of weights – though based on logical 
argumentation and expert evidence from the literature reviewed, and advice from the 
supervisors of this Research, were solely taken by the researcher. According to Van der 
Merwe (1997), the modelling results are highly sensitive to the weights applied and 
altering the weights assigned to the factors can have effects on the results. Therefore, 
conforming to Hossain (2006), to ensure precision of the model’s results and its 
implementation, it is better to have the factors, their boundary values and weightings, 
assigned by a group of experts. In this case, the group of experts may include urban 
planners, real estate developers, soil experts, environmental experts, or anyone 
considered familiar with the requirements of the suitability evaluation and with the region 
of concern.     
Moreover, the USM as proposed in this Research, does not allow to cross data between 
factors; in other words, the condition only if was not possible to apply. For instance, for 
Canelones’ USM high percentages of population density and infrastructure were both 
better rated for urban development than low percentages. This means that the model 
showed as suitable for urban development areas where both, population density and 
infrastructure, were high. However, there may be areas with high percentages of 
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population density but with low percentages of infrastructure (or vice versa), where urban 
development may not be preferable. Therefore, in this case, the condition only if would 
be useful to apply, as this would mean that areas with high percentages of population 
density are suitable for urban development only if infrastructure percentages are high.  
 
 
6.4 Future research questions 
 
Some of the aforesaid limitations of the Research and methodological considerations 
can be addressed, for example, by developing a sensitivity analysis to examine the 
consistency of the approach. This implicates altering the weights of the factors which 
directly affect suitability to visualize the variations over the resultant suitability maps 
(Lodwick, Monson & Svoboda, 1990). Therefore, the sensitivity analysis method is useful 
to check the consistency and stability of the weights applied and their influence on the 
results. Although suitability evaluation comprises a certain degree of ambiguity, the 
methodology proposed for this Research depends heavily on the input data which is 
assumed accurate. Consequently, a sensitivity analysis should be undertaken as part of 
any suitability evaluation to dilute the effect of being biased (Liu et al, 2015).      
Lastly, as a recommendation for the implementation of this Research in a practical 
sense, Canelones’ urban suitability evaluation should include further analysis on the 
comparison between the current urban growth trends and the fluctuations of the spatial 
boundaries of actual urban areas, with the results of the USM. On one hand, this analysis 
will display whether urban development is responding to suitable logics or not. On the 
other hand, and based on the previous, this comparison will allow and encourage the 
formulation of new plans, policies or strategies to enhance the development of urban 
areas as expected, in accordance with the guidelines of sustainability.    
Overall, the aims of this Research where fulfilled. Based on the factors selected for urban 
suitability evaluation, the USM succeeded in locating areas suitable for urban 
development in Canelones. This achievement proved to show valuable results, a 
significant contribution for future analysis on the sustainability of urban areas in the 
region, while enriching the capacities of the researcher. 
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Project: Urban Suitability Modelling and Analysis in Canelones, Uruguay. 
02.17 Socioeconomic Suitability
Services
Temporary Housing
Influence in Tourism: 70%
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Project: Urban Suitability Modelling and Analysis in Canelones, Uruguay. 
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Influence in Socioeconomic Suitability: 20%
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02.21 Socioeconomic Suitability
Author: Ma. Lucía Bianchi
Data source: Intendencia Municipal de Canelones (IMC). Instituto Nacional de Estadística (INE). Observatorio Territorio Uruguay (OTU). 
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03.01 Environmental Suitability
Author: Ma. Lucía Bianchi
Data source: Instituto Nacional de Investigación Agropecuaria (INIA). Uruguay. 
Year: 2018 
Coordinate System: WGS 84
Units: Degrees
Project: Urban Suitability Modelling and Analysis in Canelones, Uruguay. 
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Vegetation
Monte Serrano, Monte Galería, Rainforest, Halophyte, Psammo-
phyte and Hidrophilic. 
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Appendix 01.00. Suitability factors, data sources and data links.  
 
 
Name 
 
Data Source Data Link 
   
General    
   
Municipalities of 
Canelones 
Municipios; Geoservicios; Ministerio de 
Vivienda, Ordenamiento Territorial y 
Medio Ambiente (MVOTMA). Uruguay.  
https://www.dinama.gub.uy/geoservi
cios/  
Urban and Rural Areas Padrones Urbanos, Padrones Rurales; 
Geoservicios; Ministerio de Vivienda, 
Ordenamiento Territorial y Medio 
Ambiente (MVOTMA). Uruguay.  
https://www.dinama.gub.uy/geoservi
cios/  
   
Physical   
   
Productivity Index SIGRAS, Instituto Nacional de 
Investigación Agropecuaria (INIA). 
Uruguay.  
 
http://sig.inia.org.uy/sigras/#Visualiza
dor:departamentos,suelosBaseConeat
Modificados  
 
Land Slope 
Soil Fertility 
   
Socioeconomic   
   
 
Demography 
  
   
Population Density Microrregiones y Municipios; Datos 
Estadísticos; Intendencia Municipal de 
Canelones (IMC). Uruguay.  
https://www.imcanelones.gub.uy/con
ozca/departamento/datos-
estadisticos/microrregion-y-
municipios  
Urban Population 
Rural Population 
“Presentación de Microrregiones y 
Municipios en base a Censos 2011”; 
Canelones en Uruguay; Datos 
Estadísticos; Intendencia de Canelones 
(IMC). Uruguay.  
https://www.imcanelones.gub.uy/site
s/default/files/pagina_sitio/archivos_
adjuntos/censo_municipios.pdf  
 
Population Growth Rate Censo 1996; Censo 2011; Población; 
Demografía y Estadísticas Sociales; 
Instituto Nacional de Estadística (INE). 
Uruguay.  
http://www.ine.gub.uy/web/guest/ce
nsos-2011  
http://www.ine.gub.uy/web/guest/ce
nso-1996  
Population Average Age Censo 2011; Población; Demografía y 
Estadísticas Sociales; Instituto Nacional 
de Estadística (INE). Uruguay. 
http://www.ine.gub.uy/web/guest/ce
nsos-2011  
 
 
Economy 
  
   
Economic Activity Mercado de Trabajo; Datos Estadísticos; 
Intendencia Municipal de Canelones 
(IMC). Uruguay.  
https://www.imcanelones.gub.uy/con
ozca/departamento/datos-
estadisticos/mercado-de-trabajo  
 
Employment 
Unemployment 
 
Infrastructure 
  
   
 Urban Suitability Modelling and Analysis  
Sewerage Informe por Municipio; Microrregiones 
y Municipios; Datos Estadísticos; 
Observatorio Territorio Uruguay (OTU); 
Oficina de Planeamiento y Presupuesto 
(OPP); Intendencia Municipal de 
Canelones (IMC). Uruguay. 
https://www.imcanelones.gub.uy/con
ozca/departamento/datos-
estadisticos/microrregion-y-
municipios  
  
Electricity 
Water 
 
Services 
  
   
Education 
Health 
Sistema de Información Territorial (SIT); 
Ministerio de Vivienda, Ordenamiento 
Territorial y Medio Ambiente. Uruguay.  
http://sit.mvotma.gub.uy/js/sit/  
 
Temporary Housing 
Hotels 
“Presentación de Microrregiones y 
Municipios en base a Censos 2011”; 
Canelones en Uruguay; Datos 
Estadísticos; Intendencia de Canelones 
(IMC). Uruguay.  
https://www.imcanelones.gub.uy/site
s/default/files/pagina_sitio/archivos_
adjuntos/censo_municipios.pdf 
   
Environmental   
   
Floodable Areas 
Vegetation 
SIGRAS, Instituto Nacional de 
Investigación Agropecuaria (INIA). 
Uruguay.  
http://sig.inia.org.uy/sigras/#Visualiza
dor:departamentos,suelosBaseConeat
Modificados 
Coastal Ecosystems Paisajes Costeros; Geoservicios; 
Ministerio de Vivienda, Ordenamiento 
Territorial y Medio Ambiente 
(MVOTMA). Uruguay.  
https://www.dinama.gub.uy/geoservi
cios/  
   
Restricted Areas   
   
Conservation Areas 
Coastal Erosion 
Threatened Ecosystems 
Watercourses 
Áreas Protegidas, Ecosistemas 
Amenazados, Cursos de Agua, Erosión 
Costera, Espejos de Agua; Geoservicios; 
Ministerio de Vivienda, Ordenamiento 
Territorial y Medio Ambiente 
(MVOTMA). Uruguay.  
https://www.dinama.gub.uy/geoservi
cios/  
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Appendix 02.00. Datasets  
 
02.01. Demography 
 
Table 02.01.01 Total population, urban population, rural population and population density. 
Source: “Presentación de Microrregiones y Municipios en base a Censos 2011”, Intendencia de 
Canelones (IMC), 2011.  
 
Total population (hab.) = the sum of the urban population and the rural population. Urban population 
(hab.) = people living in areas where land is parceled.  Urban population (%) = percentage of urban 
population in relation to the total population. Rural population (hab.) = people living in areas where 
land is not parceled. Rural population (%) = percentage of rural population in relation to the total 
population. Population density (hab./km2) = the quotient between the total population and the census 
area.  
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Table 02.01.02. Total population (Census 1996) and total population (Census 2011). Estimation of 
population growth rate between censuses. Source: Censo 1996, Instituto Nacional de Estadística 
(INE), 1996. “Presentación de Microrregiones y Municipios en base a Censos 2011”, Intendencia de 
Canelones (IMC), 2011.  
 
 
 
 
Population growth rate is calculated according to the Malthusian Growth Model (Malthus, 1798). t = 
time between censuses (15 years), xf = population measured in the last census (INE, 2011), xi = 
population measured in the previous census (INE, 1996). The result appears multiplied by 100 to simply 
the reading.  
Population Growth Rate =  
𝟏
𝒕
 ∗ 𝐥𝐧
𝒙𝒇
𝒙𝒊
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02.02. Economy 
 
Table 02.02.01. Economic activity, employment and unemployment rates. Source: “Presentación 
de Microrregiones y Municipios en base a Censos 2011”, Intendencia de Canelones (IMC), 2011.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Economic activity (%) = the quotient between the population economically active (employed people 
or actively looking for a job) and the total population at working age (in this case, people of 12 years or 
more). It is interpreted as the employment offer in the labor market. Employment (%) = the quotient 
between the employed population and the total population at working age. It is interpreted as the 
employment demand in the labor market. Unemployment (%) = the quotient between the unemployed 
population and the population economically active. It is interpreted as the mismatch between the 
employment demand and the employment supply.     
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02.03. Infrastructure 
 
Table 02.03.01. Sewerage, electricity and drinkable water. Source: “Informe por Municipio”, 
Observatorio Territorio Uruguay (OTU), Oficina de Planeamiento y Presupuesto (OPP), Intendencia de 
Canelones (IMC), 2011.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sewerage (%) = percentage of houses connected to the municipal sewerage network. Electricity (%) 
= percentage of houses with electricity coming from UTE (state-owned network). Drinkable wate (%) 
= percentage of houses with water coming from OSE (state-owned network) or other municipal network. 
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02.04. Services 
 
Table 02.04.01. Education and health. Source: Sistema de Información Territorial (SIT), Ministerio de 
Vivienda, Ordenamiento Territorial y Medio Ambiente (MVOTMA).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Education (u) = number of education centers. Includes state education (ANEP) – primary schools, high 
schools and technical schools (UTU) –; private education – day care, kinder garden, primary schools 
and high schools –; CAIF centers; and tertiary education – UDELAR, and private universities and 
institutions. Education density (u/km2) = the quotient between the number of education centers and 
the census area. Health (u) = number of health centers. Includes state health (ASSE) – care units of 
primary, secondary and tertiary level –, and private health centers. Health density (u/km2) = the 
quotient between the number of health centers and the census area. 
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Table 02.04.02. Tourism. Temporary housing and hotels. Source: “Presentación de Microrregiones 
y Municipios en base a Censos 2011”, Intendencia de Canelones (IMC), 2011.  
 
Temporary housing (u) = houses which do not have people residing permanently, but mostly in the 
tourist season. Temporary housing density (u/km2) = the quotient between the number of temporary 
houses and the census area. Hotels (u) = buildings intended to provide accommodation and room 
service (bedding and cleaning) by payment. Includes hotels, pensions and lodging houses. Hotels 
density (u/km2) = the quotient between the number of hotels and the census area. 
 
 Urban Suitability Modelling and Analysis  
 
